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INTRODUCTION 
Nitrogen metabolism in the rumen illustrates the important 
influence of rumen microorganisms on the nutrition of the host 
animal. In non-ruminants the nitrogen requirements are met by 
ingestion of proteins that are broken down in the stomach and 
small intestine, and absorbed as peptides or amino acids. The 
situation in ruminants differs in that all bodily functions can 
be maintained without a supply of dietary protein or amino 
acids. The nitrogenous materials entering the rumen which are 
both protein and non-protein in nature are subjected to micro­
bial action and are partially degraded and utilized for syn­
thesis of microbial proteins. The microbial proteins which 
pass from the rumen are then subjected to digestive processes 
similar to a non-ruminant animal. The main contribution of the 
rumen to nitrogen metabolism is a modification or supplementa­
tion of the amino acids in the diet and alteration of the amount 
of nitrogen that becomes available to the animal. 
The rumen is essentially an anaerobic highly reducing 
system at a slightly acid but buffered pH, at a temperature of 
39° C and under a gas phase composed mainly of carbon dioxide, 
methane and nitrogen. In such an environment a very special­
ized microbial population develops. The bacteria, which may 
number 10^ ® per gram of rumen contents, include a wide range of 
species. The protozoa number about 10^  per gram of rumen 
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contents but their mass may be equivalent to that of the more 
numerous bacteria in the rumen. 
It has been recognized for the last thirty years that 
microorganisms were responsible for proteolytic activity within 
the rumen. However, more recently it has been found that the 
large bacteria and protozoal fractions possess much of the total 
activity. In addition, it has been observed that rumen proto­
zoal protein has a greater biological value for rats than does 
rumen bacterial protein. This might- be explained in terms of 
amino acid distribution. When the essential amino acids of 
rumen bacterial and rumen protozoal hydrolysates were compared, 
the more important differences were found to be the higher 
values with protozoa for isoleucine, leucine, phenylalanine and, 
in particular, lysine. The protozoa may accordingly be assumed 
to be of actual Importance to the host animal but little 
research has been done with animals which deals specifically 
with the influence of rumen protozoa on the nitrogen utilization 
of the host animal. 
Therefore, the purpose of this study was to investigate 
the influence of rumen protozoa on nitrogen utilization in 
sheep. This objective was to be achieved by studying digesti­
bility and nitrogen retention in faunated and defaunated 
animals under dietary conditions which would tend to alter the 
numbers and species of bacteria and protozoa in the rumen. 
Enumeration of viable bacteria and protozoa as well as measure­
ment of blood and rumen metabolites were used to support 
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observations made on digestion and nitrogen retention. Prelim­
inary vitro studies were also conducted to investigate the 
influences of protozoa on rumen fermentation. 
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REVIEW OF LITERATURE 
The Metabolism of Protein by Protozoa vitro 
Nitrogen metabolism in the rumen affords a striking example 
of the influence of rumen microorganisms on the nutrition of 
the host animal. The main contribution of the rumen to nitrogen 
metabolism is that it can modify or supplement the amino acids 
of the ingested protein and alter the amount of nitrogen that 
becomes available to the animal. Though Sym (1938) first 
observed the strong proteolytic properties of rumen contents 
and Pearson and Smith (19^ 3) studied the degradation of proteins 
by rumen contents, the significance of the fermentation of pro­
tein in the rumen was not fully appreciated. A few years later 
McDonald (1948) showed that large quantities of ammonia were 
produced in the rumen under normal feeding conditions. The 
amount formed was shown to be dependent upon the type of protein 
and carbohydrate materials present. Warner (1956) observed that 
protozoa are actively proteolytic and further suggested that 
much of the ammonia formation in the rumen in the absence of 
added substrate may be due to endogenous metabolism of protozoa. 
All sheep rumen contents appear to have proteolytic 
activity irrespective of diet (Blackburn and Hobson 1960a). 
Annison (1956) also has observed that washed suspensions of 
rumen microorganisms hydrolyzed protein. Blackburn and Hobson 
(1960a) found that protozoa and large bacteria played the most 
active part in rumen proteolysis, while little free proteinase 
could be demonstrated in rumen fluid. These workers (Black­
burn and Hobson 1960b) used several different culture media in 
an attempt to isolate proteolytic bacteria from the sheep 
rumen. Only a small proportion of the bacteria which developed 
were actively proteolytic, and these belonged to a limited num­
ber of types. These bacteria were found in sheep on different 
diets, but comparison with the proteolytic activity of whole 
rumen contents suggests that they represented only a fraction 
of the organisms of the rumen. A great deal of the vitro 
investigations carried out to study the proteolytic properties 
of rumen protozoa have been done with the organisms Ophryoscolex 
caudatus and Entodinium caudatum. Work with these organisms 
has contributed much to the understanding that protozoa are a 
significant source of protein for the ruminant as they are 
digested and absorbed from the alimentary tract. Data on the 
total nitrogen per protozoan cell allowed Gutierrez (1964) to 
estimate that protozoa supply under average conditions 33 grams 
of protein to the host each day. Amino acid analysis by paper 
chromatography of orphryoscolex hydrolysates has shown serine, 
glycine, threonine, alanine, tyrosine, methionine, arginine, 
proline, valine, phenylalanine, leucine, isoleucine, cysteine, 
aspartic acid, glutamic acid and lysine. The amino acids are 
absorbed through the digestive tract after lysis of the proto­
zoan cells, Williams et al, (I96I) have found that the protein 
sources, cottonseed, soybean and linseed oil meals, and the 
amino acids, dl-alanine, dl-valine and dl-leucine, were utilized 
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by Ophryoscolex caudatus> whereas ammonia was found to be an 
end product of nitrogenous metabolism, Gutierrez and Davis 
(1962) found evidence which indicated that the oligotrich 
species help convert plant protein to animal protein in the 
rumen. Individual Epidinium cells removed from culture flasks 
often had particles of linseed oil meal visible within the 
cell. The linseed oil particles were seen microscopically in 
washed suspensions of the protozoa in Warburg respirometry 
experiments. This conversion of plant protein to animal pro­
tein by protozoa was anticipated earlier (Mowry and Becker 
1930) and is consistent with the high counts (80,000 per milli­
liter) of Entodinlum longinucleaturn obtained in cultures with 
added protein (Einszporn I96I), 
Abou Akkada and Howard (I962) working with Entodinium 
caudatum found that incubation of the organisms in buffer 
solution resulted in an excretion rate of about one percent of 
cellular nitrogen per hour. Casein was readily hydrolyzed to 
peptides and amino acids. Negligible conversion of casein or 
casein hydrolysate into cellular material took place, however, 
during incubation of these substances with Entodlnium caudatum. 
Urea played no part in the nitrogen metabolism of Entodinium 
caudatum. 
The proteolytic enzymes of rumen protozoa are not inac­
tivated by toluene treatment (Warner 195^ ) but actively motile 
oligotrich protozoa possess three times the proteolytic activity 
of toluene treated suspensions (Blackburn I962), This same 
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author (Blackburn I962) carried out an interesting study in 
which he found that rumen fluid from defaunated lambs was 
capable of hydrolyzing casein, but concluded that protozoa, 
when they are present, contribute significantly to the total 
rumen proteolytic activity, Warner (1956) suggested, and Black­
burn and Hobson (1960a) confirmed, that a mixed protozoal frac­
tion contaminated with bacteria, isolated directly from the 
rumen, hydrolyzed casein more rapidly per unit dry weight than 
various bacterial fractions tested. The results of studies 
carried out by Kandatsu and Takahashi (1963a) indicate that egg 
albumin, gelatin, casein and proteins from soybeans, wheat bran, 
yellow corn, yeast, rice, clover, orchardgrass and radish leaves 
were decomposed with an increase in ammonia nitrogen. The pro­
tozoa were noted to digest casein with the production of amino 
acids and to produce ammonia nitrogen which was assumed to be 
one of the end products of nitrogen metabolism. In another 
report Kandatsu and Takahashi (1963b) concluded that protozoa 
ingested rumen bacteria as a source of protein and produced 
ammonia nitrogen as an end product of nitrogen metabolism. 
Conclusive evidence of bacterial ingestion by protozoa was also 
obtained when Gutierrez (195^ ) demonstrated ingestion of bac­
teria by Isotricha prostoma with formation of vacuoles similar 
to those in Paramecium spp. Individual bacterial cells could 
be seen to stream from the mouth into the endoplasm of the 
protozoa. Previous starvation of the holotrichs facilitated 
detection of the ingestion. Bacteria have been shown to be 
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ingested by Entodlnium and Diplodlnium spp. (Gutierrez and 
Davis 1959)• Coleman (1964b) labeled Escherichia coll and 
other bacteria with C-14 to measure their uptake by washed sus­
pensions of Entodlnium caudatum. All bacteria tested were 
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engulfed by protozoa with a maximum uptake of 1.1 n 10 E. coll 
per protozoan at an initial rate of over 200 bacteria per pro­
tozoan per minute. After 30 minutes only 12 percent of the 
engulfed bacteria were still viable. Fifty percent of the bac­
terial carbon was retained by the protozoa and after breakage 
of the protozoal cells and centrlfugation of the homogenate, 
40 percent of this carbon was present in the supernatant fluid, 
principally as protein. In studies to determine whether the 
protozoa engulfed some bacteria preferentially it was found 
that protozoa engulfed bacteria in the proportion in which they 
were present in the medium. Growth of Entodlnium caudatum in 
the presence of rice starch, autoclaved rumen fluid and peni­
cillin was stimulated by several species of bacteria, including 
Escherichia coll. Clostridium welchli and Lactobacillus easel. 
Ingestion of bacteria by Ophryoscolex purkynei has been 
observed by Mah (1964) when starved cells were provided with 
both wheat starch and mixed bacteria from the culture. The 
bacteria were not taken in unless starch was available. The 
bacteria resembled Feptostreptococcus elsdenll in appearance, 
but could not be cultured on lactate medium. Lack of starch 
may explain the failure of Entodlnium spp. to assimilate casein 
(Abou Akkada and Howard I962). Prédation on other protozoa by 
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the rumen dilates has been observed (Doglel 1927, Lublnsky 
1957). This would tend to augment the nitrogenous regime of 
the predator, but the regularity and quantitative importance of 
prédation has not been studied. Although urea is rapidly 
hydrolyzed in the rumen, very few urea decomposing organisms 
have been isolated from the rumen liquor of sheep (Abou Akkada 
and Blackburn I963). The Entodinium suspensions are indiffer­
ent to added urea and urea is not a product of the endogenous 
metabolism of the organism. No urease activity has been demon­
strated in the cell free extracts of Entodinium (Abou Akkada 
1965)• Cell free extracts of the organism contain a proteinase 
which has been found to resemble trypsin in its mode of action. 
A peptidase which hydrolyzes a wide range of peptides is also 
present in protozoal cell free extracts (Abou Akkada I965, 
Abou Akkada and Howard I962). When suspensions of living oli-
gotrich protozoa were incubated with casein for a few minutes, 
the protozoa were seen to Ingest stained casein which then 
gradually disappeared inside the organisms (Abou Akkada and 
Howard I962, Blackburn and Hobson 1960a). A vigorous break­
down of casein was brought about immediately during incubation 
with suspensions of the rumen ollgotrich protozoan Entodinium 
Caudaturn as shown by the rapid increase in non-protein nitro­
gen. Casein solutions (3-5 percent) were hydrolyzed to the 
extent of 90 percent during incubation for six hours. 
Until recently there was no evidence of the biosynthetic 
abilities of rumen protozoa but Williams et al. (I96I) have 
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shown that leucine» valine and alanine are incorporated by 
Ophryoscolex caudatus. Coleman (1964a) in detailed work found 
that washed suspensions of Entodinium caudatum incubated in the 
presence of antibiotics incorporated C^ -^glycine in the cell 
pool as N-acetylglycine and into cell protein as glycine with­
out conversion to any other amino acid. At low external con­
centrations the glycine was present in the protozoa themselves 
and was not free in the gastric sac or present solely in the 
intracellular or extracellular bacteria. This author concluded 
that certain biosynthetic reactions can probably be carried out 
by these protozoa without assistance from their associated 
bacteria. 
Hungate (1966) suggests that protozoa may ferment protein 
to obtain energy. When protein is fermented to provide energy, 
ammonia is formed. Evidence for this phenomenon is shown by 
the fact that ammonia is released when concentrates are fed to 
the protozoa iji vitro (Williams et I96I). Protozoa also 
remain active for a considerable period after disappearance of 
all iodophilic reserves. Their source of energy during this 
period is unknown but it could be protein. Nitrogen disappears 
from starved Entodinia (Abou Akkada and Howard I962), most of 
it as ammonia, 50-70 percent, and amino acids, 20 percent. The 
liberated from labeled holotrichs (Heald and Oxford 1953) 
in the presence of unlabeled glucose may have come from protein. 
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The Metabolism of Protein by Protozoa ^  vivo 
It is now well established that the dietary nitrogen of 
the ruminant is largely modified by, and incorporated into, the 
rumen microorganisms before it is digested by the host. The 
nutritive value of rumen microbial proteins has been investi­
gated by Abdo et (1964), Johnson et al, (1944), McNaught 
et al. (1950t 1954), Reed et al» (1949) and Usuelli and Piorini 
(1938). The early investigators recognized that the nutritive 
value of microbial protein was high. In experiments with only 
four chicks per treatment Usuelli and Fiorini (1938) observed 
corn rations supplemented with rumen protozoa supported more 
rapid growth than those supplemented with rumen bacteria. 
Using only three rats per treatment Johnson et al. (1944) found 
that rumen microbial nitrogen was from 80 to 85 percent diges­
tible and had a biological value of 6? percent. The protozoa 
though not significantly different in these aspects than bac­
teria were four percent more digestible and two percent higher 
in biological value. 
Weller et al. (1958) concluded that of the rumen nitrogen, 
46 percent was bacterial, 21 percent protozoal, 26 percent 
plant and ? percent soluble. The rumen bacteria contain approx­
imately 65 percent protein, based on total nitrogen content. 
This value is not appreciably affected by different feeds 
(Vridnik I96I, Weller 1957)• The nitrogen content of protozoa 
is low as compared with bacteria because of the higher poly­
saccharide content as observed by McNaught et al. (1954). 
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Since microbial protein constitutes the major part of the rumi­
nant animal's nitrogenous food, its value for the synthesis of 
mammalian tissue becomes important. McNaught ^  al. (195^ ) 
determined for rats the biological value, true digestibility 
and net utilization of dried rumen bacteria, dried rumen proto­
zoa and dried brewers yeast. The biological values of bacteria 
and protozoa were the same, but the true digestibility of the 
protozoa was considerably higher than that of bacteria. The 
net utilization of the protozoa was 73 compared with 60 for the 
bacteria and yeast. These results suggest that protozoa may be 
more beneficial to the host than are bacteria. Further support 
is given to this view by the work of Masson (1950) who found 
protozoa are readily digested when they leave the rumen. Early 
investigations have indicated that protozoa were digested in 
the abomasum and all subsequent observations have substantiated 
this early discovery (Pounden and Hibbs 1950). Baker (19^ 3) 
has observed that protozoa are digested by pepsin and trypsin. 
The food value of microorganisms can be estimated also on 
the basis of the content of amino acids essential for the 
ruminant. Weller (1957) has shown that rumen protozoa compared 
with rumen bacteria are richer in isoleuclne, leucine, phen-
ylanine and especially lysine, which are all essential amino 
acids for the rat. In work with sheep, Downes (I96I) showed 
-that the highly labeled amino acids in milk casein taken from 
the udder one to three hours after intravenous injection of 
1^  C -acetate were glutamic acid, aspartic acid, proline, arganine. 
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alanine, serine and glycine. Those amino acids which did not 
contain were isoleucine, leucine, lysine, methionine, 
phenylalanine, threonine, tryptophan, valine, histidine and 
tyrosine. These latter amino acids are essential for the rat, 
dog and, except for histidine, man. Holler et al. (I963) 
reported that maximum labeling of goat rumen fluid takes place 
about 30 minutes after administration of sodium carbonate. 
These workers also found that 85-90 percent of the in the 
microorganisms of the rumen was present in bacterial protein. 
The activity spectrum of the amino acids in rumen fluid showed 
many differences between bacterial and protozoal protein. The 
greatest incorporation of in bacterial protein was in 
aspartic acid and Isoleucine, while in protozoal protein It was 
in aspartic acid and alanine. Foley (I965) found rumen proto­
zoa to have higher levels of glutamic acid, isoleucine and 
lysine and lower levels of alanine, threonine, valine and 
methionine in comparison with rumen bacteria. The reports of 
other researchers generally agree with these differences 
between protozoa and bacteria (Fauconneau 1964, Flna et al. 
1963, Holler and Harmeyer 1964, Weller 1957)• From the results 
of the investigations of Foley (I965), it can be seen that the 
quantity of methionine in bacterial and protozoal protein Is 
less than the requirement of non-ruminants for good growth, 
while the amount of lysine is more than adequate in both bac­
terial and protozoal protein. Since cysteine can replace part 
of the methionine, the requirement is better stated as total 
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sulfur amino acids. Although protozoa contain more cysteine 
than bacteria, the total sulfur amino acid content of protozoa 
is still lower than that of bacteria. The total sulfur amino 
acid content of microorganisms is marginal in comparison with 
the requirement for non-ruminant growth. The difference in 
amino acid content between bacterial and protozoal protein does 
not explain the greater biological value of protozoa for rats. 
Hungate (1966) suggests that possibly less bacterial nitrogen 
is available because a greater fraction of it occurs in non-
amino acid cell wall components or in nucleic acids as observed 
by Portugal (1963). In recent work by Klopfenstein ^  el. 
(1966) it was demonstrated that lysine was the limiting amino 
acid in the blood of three out of four defaunated lambs, where­
as in faunated animals no single amino acid was limiting in 
more than one out of four animals. Oxford (1955t>) found that 
defaunated animals digested slightly less protein and excreted 
less nitrogen in the urine than faunated controls, especially 
when the predominant protozoa were Entodinia spp. This sug­
gested an increased ammonia production from protein due to 
protozoal activity. Such a loss of nitrogen may be detrimental 
to the host animal. Coleman (I963) suggested that although the 
growth factor requirements of rumen protozoa may be complex and 
the optimal physical conditions for growth difficult to obtain 
in an axenic culture vitro, their nitrogen requirements may 
be satisfied by ammonia and a few amino acids. This author 
further suggested that as protozoa break down protein and 
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digest ingested bacteria, the concentration of amino acids in 
the gastric sac of the entodinomorphid protozoa or the food 
vacuoles of holotrichs may be much higher than in the surround­
ing rumen liquor. These amino acids could then be utilized for 
growth. 
Abou Akkada and El-Shazly (I965) found a significant dif­
ference in nitrogen retention in favor of faunated lambs when 
compared with defaunated control lambs. These workers noted 
that the differences in nitrogen retention were due largely to 
variations in urinary nitrogen since significant differences in 
fecal nitrogen were not observed. They concluded that the 
faunated lambs utilized dietary protein more efficiently than 
defaunated animals. Klopfenstein ^  al. (I966) has found, how­
ever, that nitrogen retention in faunated sheep, when compared 
with defaunated sheep, was decreased slightly in two out of 
three experiments. So little is known of the nitrogen inter­
relationships between the rumen bacteria and protozoa, particu­
larly from a quantitative standpoint, that it is difficult to 
formulate explanations for the favorable effect of the protozoa, 
other than a greater biological value of their nitrogenous 
constituents. 
Evidence is accumulating which indicates that faunated 
animals tend to have higher digestibility coefficients than 
defaunated animals. The work of Abou Akkada and El-Shazly 
(1964) has given some indication that the digestibility coeffi­
cients of dry matter, cellulose, and ether extract in faunated 
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lambs are higher than In defatinated lambs. The foregoing 
results are in accord with previous workers (Conrad ^  al. 1950) 
who found that although there was no significant difference in 
the apparent digestibility of protein between faunated and 
defaunated calves, the faunated calves digested a higher per­
centage of the cellulose and dry matter in the ration. The 
work of Yoder (I965) has indicated that digestibility coeffi­
cients for crude protein are of the same order in faunated and 
defaunated lambs fed natural rations. However, Klopfenstein 
et al. (1966) found that in two out of three experiments, 
faunated animals had significantly higher digestibility coef­
ficients for crude protein compared with defaunated animals. 
Luther et al. (I966), using low and high concentrate natural 
rations, found that there was no difference in crude protein 
digestibility between faunated and defaunated lambs, Yoder 
(1965) fed faunated and defaunated lambs a semi-purified ration 
at two levels of intake, 0,72 and 1.2 kilograms per head per 
day. There were no significant differences in digestibility 
coefficients with faunated and defaunated lambs fed the low 
level of intake. At the higher level of intake the faunated 
lambs had higher digestibility coefficients than the defaun­
ated group. 
Becker (1932) found when faunated sheep were fed on 
ground barley, over 80 percent of the starch grains were in­
gested and then converted into protozoal glycogen within six 
hours, whereas defaunated sheep on a similar diet appeared to 
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be bloated. Mangold (1933) stated that the proportion of food 
protein metabolized by rumen fauna and subsequently digested 
by the host is considerable. Moreover, Hungate (1955) sug­
gested that 20 percent of the fermentation acids produced in 
the rumen are contributed by the protozoa. 
Abou Akkada and El-Shazly (1964) observed significant 
differences in blood ammonia, urea and non-protein nitrogen in 
favor of ciliate free lambs. These same workers observed 
higher blood reducing sugar levels in ciliate free lambs. It 
was also found that faunated lambs have higher blood hemo­
globin and protein nitrogen levels than do defaunated animals. 
Lewis (1957) observed that low efficiency of nitrogen utili­
zation is invariably associated with high blood urea values; 
thus the use of blood urea could be proposed as a supplemen­
tary test for the efficiency of protein utilization. Abou 
Akkada and El-Shazly (1964) Christiansen (I963), Klopfenstein 
et al. (1966) and Luther et al. (I966) have observed higher 
rumen ammonia levels in faunated lambs when compared with 
defaunated lambs. The rumen ammonia level is the result of the 
rate of assimilation by the microorganisms, of the rate of 
production from dietary nitrogen sources, of the rate of endog­
enous nitrogen influx into the rumen and of ammonia absorption 
from the rumen. Increased rumen ammonia production by proto­
zoa has also been observed in Iji vitro studies. The combina­
tion of rumen ciliate protozoal and rumen bacterial fermenta­
tions has been compared with bacterial fermentations 
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(Luther et al. I966). Kandatsu and Takahashi (1963a) and 
Warner (1956) have suggested that rumen protozoa produce ammo­
nia as a metabolic end product. 
It would be reasonable to assume that faunated animals 
should grow faster than defaunated animals if their capacity to 
utilize nitrogen was enhanced. This was demonstrated by Abou 
Akkada and El-Shazly (1964). These workers found that faunated 
lambs deposited I5 percent more depot fat and had a 1? percent 
increase in growth rate when compared with defaunated lambs. 
Yoder (I965) found that faunated lambs gained faster and con­
sumed more feed than defaunated controls, which is in agreement 
with results supported by Christiansen et al, (I965) but dif­
fering from those reported by Becker and Everett (1930), Eadie 
(1962a) and Pounden and Eibbs (1950), Yoder (I965) indicated 
that the faster gains with faunated lambs as compared with 
defaunated lambs appeared to be a result of increased feed 
intake by faunated animals. 
Hibbs et al, (1952), McCandless and Dye (1950) and Ndumbe 
et al. (1964) correlated the decrease in blood sugars of the 
young ruminant with the development of its rumen function. 
Abou Akkada (I965) suggested that the rumen of a faunated lamb 
develops earlier than that of a defaunated lamb; this phenom­
enon probably being due to the difference in the ability of the 
lamb with the ciliate protozoa to produce volatile fatty acids 
(Abou Akkada and El-Shazly I965, Conrad ^  al. I950, Sander 
et al, 1959)• Evidence that the utilization of dietary protein 
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is greatly influenced by the presence of ciliate protozoa in 
the rumen includes; (a) low efficiency of nitrogen utilization 
associated with high blood ammonia and urea as suggested by 
Lewis (1957); (b) increased nitrogen retention; (c) increased 
volatile fatty acid production and shift in propionic, acetic 
and butyric acid ratios. 
Factors Influencing Numbers 
and Kinds of Protozoa in the Rumen 
Many attempts have been made to describe the microbial 
population of the rumen in quantitative terms. The most impor­
tant measures for the nutrition of the animal are the total 
production of microbial protoplasm and fermentation products 
from the rumen: this output depending both on the concentra­
tion and the total number of microorganisms. Since the volume 
of digesta in the rumen and rate of movement of fluid in and 
out of the rumen all vary with time (Warner 1964a), the output 
of microbial protoplasm from the rumen is extremely difficult 
to measure. Christiansen (I963) found that when the physical 
form of a diet was changed to give a fast rate of passage, the 
concentration of protozoa decreased. The true concentration 
of microorganisms in the whole digesta is difficult to measure 
as indicated by Warner (1962a). This worker indicates that 
the only test that is simple to apply routinely is that of 
concentration in the free fluid. Purser and Moir (1959) used 
the average of concentrations at various times after feeding 
to characterize the population. 
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The influence of diet on makeup of the rumen microbial 
population seems to be considerable; however, no definite 
pattern has been established. For example, Hungate (1960a) and 
Oxford (1955a) observed that holotrich protozoa are often found 
in high concentrations in animals fed hay or forages rich in 
soluble sugars. Warner (1964a) suggests that animals fed diets 
rich in starch often have high concentrations of Entodinia spp. 
in their rumen contents. Ophryoscolex and Epidinium have been 
found in high numbers in animals on an alfalfa hay ration sup­
plemented with certain grains and Epidinium are abundant in 
animals on high starch rations as observed by Gutierrez and 
Davis (1962) and in cattle consuming large quantities of fresh 
red clover as observed by Oxford (1958). Diplodinium and 
related genera never seem to occur in large concentrations in 
the rumen (Hungate I966). They are present both in animals on 
high grain and in those on pasture and hay rations. The cellu-
lose-digesting species ingest starch and presumably digest it. 
Diplodinium spp. may be limited by the types of bacteria usable 
as food or by bacterial competition for food. The amount of 
feed given to an animal has been reported to have, within wide 
limits, little Influence on the concentrations of microorgan­
isms (Gilchrist and Kistner I962, Warner 1962b). If feed 
intake were controlling, it would cause a corresponding increase 
in both microorganisms and their fermentation products. Warner 
(1962b) provides evidence that the amount of diet does influ­
ence concentrations of microorganisms. This worker observed 
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that the proportion of Entodinium spp. showing signs of divi­
sion tends to be higher in the rumens of animals fed greater 
amounts of feed. It has been generally noted that numbers of 
protozoa are higher in animals receiving adequate amounts of a 
good ration than when the ration is poor or scanty (Hungate 
1966). Ferber (1928) observed that protozoa counts per milli­
liter increase during pregnancy and Mowry and Becker (1930) 
observed that grain and protein rich foods increase the numbers 
of protozoa. 
Frequency of feeding also has an influence on protozoal 
concentrations in the rumen. Moir and Somers (1956) observed 
significantly higher protozoa numbers in animals fed four times 
a day than once a day. Type of protozoa observed was not indi­
cated but by feeding a simple ration in five different ways to 
Merino sheep these workers determined that the eating habit of 
the animal can be an important factor in determining the level 
of the protozoal population. Putnam et al, (I96I) observed 
similar results with beef heifers on a finishing ration. Mul­
tiple feeding of sheep did not influence free bacterial counts, 
according to Moir and Somers (1957) but they did observe 
increased dry matter digestibility and nitrogen retention in 
the more frequently fed animals. Purser and Moir (1959) ob­
served a cyclic change in concentrations of Entodinium spp. 
after feeding. Cell numbers were highest at feeding time, with 
a decline for eight hours after feeding, followed by a gradual 
increase to the number found at feeding. Warner (1962b) 
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observed that 20 percent of the number of Dasytrlcha protozoa 
counted at feeding were present 16 hours post-prandial. Purser 
(1961) also observed lower numbers of holotrich protozoa 20 
hours after feeding compared with those present at feeding. 
Luther (1964) fed rations to lambs varying in concentrate 
to roughage ratios and observed resultant shifts in types of 
protozoa. Lambs fed a high concentrate ration had lower con­
centrations of Dlplodinium spp., but higher concentrations of 
Entodlnlum and Ophryoscolex spp. than lambs fed a high rough­
age ration. Christiansen (I963) observed that grinding and 
pelleting of feed may Influence protozoa concentrations. The 
faster turnover of ground feeds increases ruminai fermentation 
rates, with an increased acidity which can inhibit protozoal 
development. Any heat treatment in the pelleting process tends 
to favor bacterial rather than protozoal utilization of starch. 
The protozoa can survive if the proportion of ground feed in 
the ration is reduced. With long hay, these protozoa can sur­
vive at all levels of feeding (Hungate I966). 
Christiansen (1963) also observed that level of Intake, 
physical form of the ration and dlethylstilbestrol affected the 
size of the protozoal population. A number of workers, Chris­
tiansen (1963)f Eadle et (1956), Hungate (1960b), Oxford 
(1955^ ), Purser and Molr (1959) and Qulnn et al. (I962) have 
observed the influence of pH on ruminai protozoa concentra­
tions. These workers found that dividing protozoa are inhib­
ited or rendered non-viable in the pH range of 5*0 to 5*5 and 
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are at their maximum activity at a pH of 7.0. Hungate (I966) 
noted that the work of Eadie (1962b) on the incompatability of 
certain protozoa species presents one of the more interesting 
aspects of the protozoa. Polyplastron multivesiculaturn did not 
occur in lambs containing Epidinium and Eudiplodinium maggii, 
and if introduced into such animals the latter two genera dis­
appeared. A tendency for Diplodinlum affine to be associated 
with Polyplastron was observed. The peculiar distribution was 
noted also in calves but was not universal. In thirty sheep 
Polyplastron multivesiculatum and Diplodinium affine occurred 
together in some; whereas Epidinium. Diplodinium and Eudl-
p1Odinium were found in others, and the two groups were mutu­
ally exclusive (Warner 1962b). 
Warner (1964a) suggests that it is better to measure con­
centration of microorganisms in the rumen not as numbers per 
milliliter but as volume of protoplasm per milliliter contrib­
uted by the various microbial species. Metabolic activity per 
unit volume of protoplasm is much less variable for the differ­
ent species of microorganisms than is activity per cell. The 
total amount of microbial protoplasm is usually about 10 per­
cent of the volume of the rumen fluid; no great increase in 
this is possible (Warner 1962b). There appears to be an 
equilibrium in the rumen, such that loss of one species of 
microorganism is compensated for by an increase in concentra­
tion of other species. Several workers, Bryant and Small 
(i960), Eadie and Hobson (I962), Eadie et (1959)t Pounden 
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and Hlb"bs (1950) » Klopfenstein et al. (1966) and Yoder (1965) 
have foTind» therefore, that the concentration of bacteria is 
greater in defaunated than in faunated animals. The differ­
ence can be due to competition for food or to consumption of 
the bacteria by protozoa. The extent to which the protozoa 
utilize nitrogenous constituents of the feed and whether these 
are used in preference to the bacteria has not been established. 
Importance of the source of feed nitrogen for the activity and 
numbers of the protozoa has been reported (Purser and Cline 
1962), with possible interrelationships between the protozoa 
and the bacteria. 
Another example of alterations in types of rumen micro­
organisms is seen when sheep are fasted or underfed. This 
results in the loss of a number of microbial species. Warner 
(1962b) observed that under these conditions the microbial 
population consisted of a relatively small number of species 
in high concentration after the animals had been full fed 
again. This same author suggested that natural selection had 
taken place because of the fact that the total concentration 
of microbial protoplasm was the same before and after the 
period of semi-starvation. Another example of this so-called 
natural selection can be seen in the work of Walker and Hope 
(1964). These workers fed faunated and defaunated sheep whole 
maize or potato starch grains and found high concentrations of 
an enzyme capable of degrading these starch grains in the rumen 
bacteria from defaunated lambs; but when entodinia were present 
25 
they, and not the bacterial fraction, contained such an enzyme. 
There is much variation in the microbial population between 
different animals receiving the same ration or under the same 
environmental conditions (Gilchrist and Kistner 1962, Gutierrez 
1955» Kistner et al. I962, Warner 1962b). Even the same animal 
will vary in its microbial population when kept under constant 
conditions (Bryant et al. 196I, Gilchrist and Kistner I962, 
Kistner et al. 1962, Warner 1962b). Warner (1964a) suggests 
that to establish the relation between the nature of the diet 
and rumen microbial populations would require many samples 
from many animals, preferably from different geographical areas. 
This same worker, however, indicates that it may well be that 
one reason why animals differ in productivity or in ability to 
digest nutrients lies in these differences in rumen micro­
organisms. 
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METHOD OF PROCEDURE 
Addition of Protozoa 
to ill vitro Fermentations 
Experiment I. Cellulose digestion 
and ammonia production 
Nitrogen sources and nutrient medium used in these studies 
are described in Table 1, Each source of nitrogen described in 
Table 1 was used as the sole source of nitrogen in a correspond­
ing nutrient medium. 
Cultural and analytical methods Two liters of rumen 
fluid for isolation of protozoa were collected from a steer 
with a rumen fistula as described by Christiansen et a^. (1962). 
A second two liter volume of ruminai fluid was collected from 
the upper layer of ruminai ingesta for isolation of bacteria. 
The steer was fed a ration consisting of 43 percent ground 
shelled corn, 43 percent ground cobs, 8 percent soybean meal, 
5 percent molasses, 0,5 percent salt and 0,5 percent mineral 
mixture. The preparation and washing procedure used to obtain 
the protozoal and bacterial Inoculum is described by Yoder 
et al. (1966). In vitro cellulose digestion studies were con­
ducted as described by Cheng et (1955), using the nutrient 
medium shown in Table 1. Equal numbers of fermentation tubes 
containing washed bacteria, and washed bacteria plus protozoa, 
were removed at four-hour Intervals during a 24-hour period. 
Following removal from the waterbath the fermentation mixture 
was treated with 0,5 ml of 5 percent (*/v) mercuric chloride 
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Table 1. Composition of nutrient medium for bacteria and 
protozoa 
Chemicals Grams per liter 
Solka floe 5 
Ureal^ 1.0 
KH^PO^ 0.3 
NagHPO^  . THgO 0.6 
NaHCOj 1.75 
KCL 2.0 
NaCL 2.0 
MgSO^ 0.075 
Cu80^ . jEgO 0.001 
MnSOj^  . 0.0002 
ZnSO^ . TKgO 0.00004 
FeSO^ . 7H2O 0.00375 
CoClg . SEgO 0.001 
CaCl 2 0.275 
^Other nitrogen sources used instead of urea included; 
soybean meal, corn gluten meal, casein, zein, lyophilized 
bovine serum albumin, and globulin. Each 20 ml aliquot of 
the basic medium supplied 20 mg of urea. All other nitrogen 
sources when used were added to be isonitrogenous with the 
urea containing medium. 
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and further processed for determination of the extent of cellu­
lose digestion and ammonia production. Ammonia concentrations 
were measured by the method of Varner et al. (1953) as modified 
by Rust (1963)• A 5 ml aliquot of fermentation medium was 
pipetted into a 100 ml round-bottom flask. A drop of phenol-
phthalein indicator and two drops of Tymponal (anti-foaming 
agent) were added together with 20 ml of water. Addition of 
10 ml of borate buffer (9^ grams of sodium tetraborate and six 
grams of sodium hydroxide per liter) brought the contents of 
the flask to a pH of about 9*2. The round-bottom flask, sus­
pended in a water bath at 50-55° C, was attached to a vacuum 
distillation apparatus. The ammonia was distilled into a 25 ml 
Erlenmeyer flask containing 25 ml of a 2 percent solution of 
boric acid and three drops of mixed indicator (225 mg methyl 
red and 63 mg methylene blue per 100 ml of 95 percent ethyl 
alcohol). Approximately 10 minutes were allowed for complete 
distillation, after which the ammonia was titrated with stand­
ardized O.OIN HCL. 
Experiment II. Incorporation of nitrogen from different 
sources into protein and other nitrogenous compounds by washed 
suspensions of rumen bacteria and protozoa cultured in vitro 
Urea and soybean meal, two commonly used nitrogen contain­
ing materials in ruminant rations, were compared in this 
experiment as sources of nitrogen. At the start of each incu­
bation period, four fermentation tubes containing nutrient 
medium and washed bacteria and four fermentation tubes 
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containing nutrient medium and washed bacteria plus protozoa 
were set aside. This same protocol was followed in removing 
fermentation tubes at five, 12 and 22 hours after the start of 
incubation. Immediately after removing the tubes from the 
water bath, 0.5 ml of 5 percent (*/v) mercuric chloride was 
added to each tube and the contents were sampled for analyses 
of ammonia, total nitrogen, precipltable nitrogen and non­
protein nitrogen. Of the eight fermentation tubes removed 
from the incubation bath at each sampling period, four were 
used in determining total nitrogen and four were used in deter­
mining precipltable nitrogen, non-protein nitrogen and ammonia. 
Analytical methods Ammonia concentrations were meas­
ured using the mlcrodlffuslon method of Conway (1950)* A 0.2 
ml aliquot was used for each determination. Total nitrogen 
was determined by the Kjeldahl procedure. Protein was precip­
itated from the fermentation mixture by the tungstlc acid 
precipltable nitrogen (TA-N) method, Winter et al. (1964). In 
this method 5 ml of 1.0? N sulfuric acid and 5 ml of 10 percent 
(*/v) sodium tungstate were added to the 20 ml aliquot of the 
fermentation mixture in a 75 ml fermentation tube and mixed 
thoroughly. After standing four hours the tubes were centri-
fuged at 2000 x g for 20 minutes and the precipitate washed 
twice in a solution of four volumes of water plus one volume 
each of sulfuric acid and sodium tungstate solutions. Precip­
ltable and non-protein nitrogen was then determined by the 
Kjeldahl procedure. 
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Influence of Protozoa on Nitrogen 
Metabolism in Lambs Fed Semi-Purified and 
Natural Bâtions Containing Different Sources of Nitrogen 
Hâtions used in these studies were designed to include 
readily available nitrogen such as soybean meal and casein, as 
well as relatively unavailable sources of nitrogen such as 
zein and corn gluten meal. Previous 3^ vitro studies carried 
out and described in this dissertation indicated that zein and 
corn gluten meal were not readily attacked by rumen micro­
organisms. In vivo studies by Little et (1963) and Lewis 
(1961) have also indicated that these materials are not readily 
available to rumen microorganisms. It was anticipated that 
the action of protozoa might alter the availability of these 
nitrogen sources. Level of protein as well as percent rough­
age was varied in some of these rations in an attempt to 
observe the contribution that rumen protozoa might make to the 
nitrogen utilization by the host animal under these varying 
dietary conditions. 
Experiment III, Effect of protozoa on lambs fed soybean 
meal and corn gluten meal as nitrogen source 
in semi-purified rations 
Digestibility and nitrogen balance was determined in 
faunated and defaunated lambs using rations 1 and 2, Table 2, 
Total viable rumen bacterial counts and total rumen protozoa 
counts were made one day preceding and one day following the 
digestibility and nitrogen balance experiments; sampling was 
at five hours after feeding. Collection of rumen contents for 
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Table 2. Experimental rations for digestion and nitrogen 
balance trials 
Ration in Kg. 
Ingredient 1 2 3 4 
Chopped alfalfa hay 184.8 
Ground corn cobs 86.4 86.4 166.5 52.8 
Cracked corn 247.5 154.0 
Solka floe 86.4 86.4 
Corn dextrose 49.1 46.8 
Corn starch 51.8 49.5 
Corn oil 13.6 13.6 
Syrup^ 31.8 31.8 
Molasses 35.1 35.2 
Soybean oil meal 106.8 23.8 
Corn gluten meal 111.4 
Casein 
Zeln 
Dicalcium phosphate 
Limestone 2.2 
Steamed bone meal 1.2 
Salt 1.7 
Vitamin mixture^ 4.5 4.5 
Mineral mixture^ 24.1 24.1 
Mineral mixture® 1.7 1.8 
Vitamin A premix^ 0.8 
Total 454.5 454.5 454.5 454.6 
^Composed of 75 percent sucrose and 25 percent water, 
described by Little et (I963). 
^Percent composition: manganese 4.4, iron 6.6, zinc 12.0, 
copper 1.3# magnesium 20,0, iodine 0.3 and cobalt 0.2. 
*5.1 M/Kg. 
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Table 2. (Continued) 
Ration In Kg. 
Ingredient 5 6 7 8 
Chopped alfalfa hay 
Ground corn cobs 100.0 100.0 100.9 101.6 
Cracked corn 
Solka floe 90.9 90.9 91.7 92.4 
Corn dextrose 74.7 64.0 73.1 61.8 
Corn starch 78.5 67.9 79.2 69.0 
Corn oil 13.6 13.6 13.7 13.8 
Syrup 31.8 31.8 32.1 32.3 
Molasses 
Soybean oil meal 
Corn gluten meal 
Casein 31.9 53.2 
Zein 30.3 49.9 
Dicalcium phosphate 
Limestone 
Steamed bone meal 
Salt 
Vitamin mixture 4.5 4.5 4.6 4.6 
Mineral mixture 28.6 28.6 28.9 29.1 
Vitamin A premix 
Total 454.5 454.5 454.5 454.5 
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Table 3. Average composition of rations fed to lambs in 
digestion and nitrogen balance trials 
Bation^ 
1 2 3 4 5 6 7 8 
Dry matter % 88.0 88 .6 87.0 86.4 87.5 88.6 89.8 89.9 
Organic matter^# 94.1 94 .8 97.2 94.1 94.0 94.4 93.4 94.0 
Protein % 11.2 13 .2 6.1 11.2 6.9 11.2 6.9 10.9 
Cellulose # 30.2 28 .6 19.2 19.7 33.4 34.3 34.1 34.0 
Ash^ % 5.9 5 .2 2.8 5.9 6.0 5.6 6.6 6.0 
^Composition of rations may be seen in Table 2. 
^On dry matter basis. 
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rumen ammonia determination was made two days following the 
digestion and nitrogen balance experiments; sampling was at 
three and eight hours after feeding. Blood samples were 
obtained for determination of plasma alpha amino nitrogen and 
blood urea nitrogen one day following collections for rumen 
ammonia. Sampling was at five hours after feeding. 
Prior to starting the digestibility and nitrogen balance 
trials, sixteen lambs were sheared, treated for internal para­
sites, and vaccinated for enterotoxemia and contagious ecthyma. 
They were then allowed to remain in an outside pen with a 
concrete floor and sunshade for three weeks during which time 
they received a ration of mixed hay. The animals were then 
moved indoors, placed in individual pens and defaunated. 
Eight were refaunated as described by Luther (1964) except that 
the quantity of ammonium molybdate fed following defaunation 
was reduced from 185 milligrams per head daily for 28 days to 
75 milligrams per head daily for 21 days. The defaunated lambs 
were placed in an isolated room and the faunated animals were 
placed in an adjacent room. All animals were fed ration 4, 
Table 2, at a rate of $00 grams per head per day for a period 
of 10 days. Experimental rations were then gradually sub­
stituted until these animals were consuming approximately 900 
grams of ration per head per day. Ten days later the lambs 
were placed in steel metabolism stalls for a five-day adjust­
ment period, prior to collection of urine and feces over an 
eleven-day period. 
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Experiment IV. Effect of protozoa on lambs fed casein and 
zeln as nitrogen source In semi-purified rations 
Sixteen lambs were prepared to receive the experimental 
rations as described for Experiment III. Digestibility and 
nitrogen balance was determined in the faunated and defaunated 
lambs using rations 5.6, 7 and 8, Table 2. Total viable rumen 
bacterial counts and total rumen protozoa counts were made five 
days following the digestibility and nitrogen balance experi­
ments conducted with this group of animals. Sampling was at 
four, eight and 12 hours after feeding. One day following the 
completion of the urine and fecal collection period for diges­
tion and nitrogen balance, the defaunated and faunated animals 
were removed from the steel metabolism stalls. They were then 
placed in individual pens separated by plywood panels; each pen 
was supplied with a feed bucket and a water bucket. The 
animals were allowed to adjust to their new surrounding for 
four days before sampling began. Samples of rumen contents for 
estimation of ammonia and volatile fatty acids were taken from 
faunated and defaunated lambs at four, eight and 12 hours after 
feeding. The pH of the rumen fluid was measured Immediately 
after collections were made for volatile fatty acid and ammonia 
analyses. Blood samples were collected for determination of 
plasma alpha amino nitrogen and blood urea nitrogen from 
faunated and defaunated lambs at four, eight and 12 hours after 
feeding. 
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Experiment V. Effect of protozoa on lambs fed an 
alfalfa hay and corn and cob ration 
Digestibility and nitrogen balance was determined In 
faunated and defaunated lambs, as described for Experiment III, 
using rations 3 and 4, Table 2. Total viable rumen bacterial 
counts and total rumen protozoa counts, as well as rumen 
ammonia determinations were made as described in Experiment 
III. Collections for plasma alpha amino nitrogen and blood 
urea nitrogen were made as described in Experiment III from 
faunated and defaunated lambs fed the alfalfa hay ration 
(ration 4). 
Methods used for Experiment III. IV and V Feces were 
collected dally and were dried for 24 hours in a forced air 
oven at approximately 70*^ C. The total dried fecal collection 
was allowed to equilibrate with the atmosphere. The fecal 
material was then mixed, sampled and ground for analysis. The 
urine was collected by filtering through glass wool into glass 
jars containing sufficient HCL to keep the urine acid. Dally 
urine collections were diluted with water to a constant volume 
and a 10 percent aliquot of each sample was saved. The urine 
samples were stored under refrigeration until analyzed. Anal­
yses of organic and dry matter In feed and fecal samples were 
conducted by methods described by A.O.A.C. (196O). Cellulose 
was determined by the method of Crampton and Maynard (1938). 
Nitrogen was determined by the Kjeldahl method. 
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All rumen samples were obtained by means of a stomach 
tube and suction strainer described by Raun and Burroughs 
(1962). Defaunated animals were always sampled first to avoid 
contamination with protozoa. Before sampling, the suction 
strainer apparatus was first washed in hot soapy water and then 
rinsed in cold water. This operation was repeated before sam­
pling each defaunated animal. The ruminai fluid from lambs on 
a given treatment was pooled in a prewarmed insulated container 
and taken to the laboratory where total viable bacterial counts 
were made. Gram stains for morphological examination of the 
bacteria were made of representative bacterial colonies from 
each treatment group for all animal trials described in this 
dissertation, using a Leitz Wetzlar compound microscope and 
oil immersion objective to give lOOOX magnification. Collec­
tion procedures for protozoal enumeration studies were the 
same as that previously described for viable bacteria enu­
meration studies except that samples were not pooled and 
protozoa counts were made on samples from each animal In each 
treatment. 
Total viable bacterial counts were made using the pro­
cedure described by Bryant and Eobinson (I961). Humen protozoa 
counts were made using the following procedure: ten ml of 
rumen fluid were filtered through two layers of cheesecloth 
into a 50 ml centrifuge tube. Feed particles on the cheesecloth 
were rinsed into the tube with saline solution and the volume 
was made up to 20 ml. One volume of the thoroughly mixed 
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suspension was pipetted into four volumes of a glycerol-phos­
phate buffer solution (50 percent glycerol, v/v). Further 
dilutions were made to obtain optimal concentrations of proto­
zoa for counting. A dilution of 1;50 was usually satisfactory; 
however, this was dependent upon the concentration of protozoa. 
The counting chamber used and procedures for counting protozoa 
are described by Luther (1964). 
Rumen ammonia was determined using the Obrink (1955) 
modification of the method of Conway (I95O). Conway plates 
were incubated for three hours in a 39° C oven. Following 
incubation the contents in the plates were titrated using a 
microburet containing 0.0458 N sulfuric acid. The concentra­
tion of ammonia was expressed as mg per 100 ml. A standard 
solution of ammonium sulfate was assayed periodically to check 
effectiveness of recovery of ammonia by this method. 
Rumen samples taken for volatile fatty acid analyses were 
prepared and stored as described by Foley (I965). The instru­
ment used for volatile fatty acid analyses was a dual column 
Aerograph I52O with hydrogen flame ionization detectors and 
columns packed with 20 percent neopentylglycol succinate, 
2 percent H^PO^ on 6O-8O mesh firebrick. The carrier gas was 
nitrogen. The temperatures were 177°t 136° and 207° C at the 
injectors, column oven, and detectors, respectively. 
Plasma was used for alpha amino nitrogen determinations 
as described by Fisher ^  al. (I963). Blood samples taken for 
urea nitrogen analyses were prepared as tungstic acid filtrates 
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as described by Hawk et al, and analyzed using a Techni 
con Auto Analyzer. All blood samples were taken from the 
Jugular vein and heparin was used as an anti-coagulant. 
Urine collected for nitrogen balance studies was analyzed 
for allantoin by the method of Young and Conway (1942) and 
urea nitrogen by the method of Conway (1950) as described by 
Hawk et (195^) for Experiments III and V and by the use of 
a Technicon Auto Analyzer for Experiment IV. 
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RESULTS AND DISCUSSION 
Addition of Protozoa to vitro Fermentations 
Experiment I. Cellulose digestion 
and ammonia production 
The results obtained by adding washed dilate protozoa to 
washed bacterial suspensions are given in Tables 4 and 5» 
Ammonia production was increased by mixing protozoa with bac­
teria in all of the studies. The increase in ammonia produc­
tion was significant (P<0.05) when the medium containing 
soybean meal was used. Very little ammonia production was 
obtained in experiments conducted using zeln, corn gluten meal, 
and bovine serum albumin and globulin, as sources of nitrogen. 
Cellulose digestion was significantly increased (P<0.05) 
by the addition of washed protozoa to washed bacterial sus­
pensions, in cases where urea or soybean meal served as the 
nitrogen source in the nutrient medium. No significant differ­
ences in cellulose digestion were observed between cultures 
containing bacteria and bacteria plus protozoa, when other 
proteins served as nitrogen sources. When zeln and corn gluten 
meal were used, it was noticed that these materials were very 
insoluble in the nutrient medium, and results in Tables 4 and 5 
indicate that zeln and corn gluten meal did not support cellu­
lose digestion. When bovine serum albumin or globulin served 
as the nitrogen source, cellulose digestion was increased con­
siderably during the period from eight to 16 hours of 
Table 4. Influence of protozoa upon vitro cellulose digestion and ammonia pro­
duction using soybean meal, casein, urea and corn gluten meal as the 
source of nitrogen in the nutrient medium 
Nitrogen 
source 
Hours of 
incubation 
mg/100 ml ammonia 
Bacteria Bacteria plus 
protozoa 
% cellulose digestion 
Bacteria Bacteria plus 
protozoa 
Soybean meal 8 5.8 10.8 ( 5.7) 
12 9.8 21.5 9.8 26.9 
20 14.1 23.4 ( 8.0)6 17.2 44.7 
Av. 9.9 18.6 13.5 35.8 
Casein 8 11.2 13.1 ( 7.7)® 
12 17.6 24.0 21.3 21.5 
20 21.0 28.9 ( 6.9)A 38.5 37.7 
Av. 16.6 22.0 29.9 29.6 
Urea 8 23.3 23.1 (11.1)"^ 
12 28.0 34.9 19.8 24.9 
20 27.3 38.8 (14.4)6 44.8 6l .6 
Av. 26.2 32.3 32.3 43.2 
(14.0)° 
(11.4)6 
( 3.9)* (  8.1)* 
( 6.7)? 
(14.8)6 
All nitrogen sources replace the quantity of urea (Table 1) in nutrient medium 
on an iso-nitrogenous basis. 
^Values represent the average of three experiments with two fermentation tubes. 
^Differences (D) required for significance at P = 0.05 level for comparison of 
treatment means between bacteria and bacteria plus protozoa. 
^Differences (D) required for significance at P = 0.05 level for comparison of 
treatment means for hours of incubation. 
Table 4. (Continued) 
Nitrogen^ 
source 
Hours of 
Incubation 
mK/100 ml ammonia ^ cellulose digestion^ 
Bacteria Bacteria plus 
protozoa 
Bacteria Bacteria plus 
protozoa 
Corn gluten Ur 2.7 5.5 
meal 8 2.8 9.8 2.7 2.6 
12 2.1 kA 
16 4.8 7.9 
20 4.9 5.2 
24 1.3 3.5 2.8 2.4 
Av. 2.1 5.9 3.6 4.7 
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Table 5* Influence of protozoa upon In vitro cellulose digestion and ammonia pro­
duction using zein and bovine serum albumin and globulin as the source 
of nitrogen in the nutrient medium 
Nitrogen^ 
mc/lOO ml ammonia^ % cellulose dlKestion^ 
Hours of Bacteria Bacteria plus Bacteria Bacteria plus 
source incubation protozoa protozoa 
Zeln 4 5.5 4.5 ( 8.0)® 
8 11.7 7.6 
16 14.3 14.3 
20 0.2 1.1 15.2 13.5 (13.2)* 
24 18.4 15.1 
Av. 0.2 1.1 13.0 11.0 
Bovine serum 4 3.4 4.6 (33.9)* 
albumin 8 4.8 0.0 
16 3.7 4.6 19.4 49.8 
20 65.1 58.6 (25.0)* 
24 64.7 70.1 
Av. 3.7 4.6 31.5 36.4 
Bovine serum 4 9.3 0.0 
globulin 8 5.6 12.7 (35.1)* 
16 3.8 5.5 51.6 51.9 A 
20 67.5 65.1 ( 9.7) 
24 74.1 75.8 
Av, 3.8 5.5 41.6 41.1 
^All nitrogen sources replaced the quantity of urea (Table 1) in nutrient medium 
on an iso-nitrogenous basis. 
Walues represent the average of three experiments with two fermentation tubes. 
^Differences (D) required for significance at P = 0.05 level for comparison of 
treatment means between bacteria and bacteria plus protozoa. 
^Differences (D) required for significance at P = 0.05 level for comparison of 
treatment means for hours of incubation. 
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Incubation in both bacteria and bacteria-plus-protozoa contain­
ing cultures. 
Experiment II. Incorporation of nitrogen from different 
sources into protein and other nitrogenous compounds 
by washed suspensions of rumen bacteria and 
protozoa cultured in vitro 
Nitrogen in several forms was determined In two fermenta­
tion studies and results are plotted in Figures 1 and 2. 
Figure 1 illustrates N-incorporation results obtained with 
urea, and Figure 2 illustrates results obtained with soybean 
meal. The addition of protozoa to vitro fermentations 
increased significantly (P<0,01) the precipitable nitrogen 
and non-protein nitrogen fractions. Ammonia was also signif­
icantly (P<0.05) increased by adding protozoa to the fermen­
tation mixture. Concentration of precipitable nitrogen 
decreased until 12 hours of incubation in both bacteria and 
bacteria-plus-protozoa containing fermentations, provided urea 
was the source of nitrogen. At the 12-hour sampling time, 
non-protein nitrogen values were the highest, presumably as a 
result of digestion of microbial protein. Between 12 and 22 
hours, precipitable nitrogen content increased, with the rela­
tive rate of increase being of the same order in both bacteria 
and bacterial-plus-protozoal fermentations. It should be noted 
in this comparison that 96.0 percent of the non-protein nitro­
gen fraction in bacterial fermentations was ammonia nitrogen, 
while only 78.6 percent was ammonia nitrogen in bacterial-plus-
protozoal-fermentations. The remaining unidentified non-protein 
Figure 1. Incorporation of urea nitrogen into protein and 
other nitrogenous compounds by washed suspensions 
of rumen bacteria and protozoa 
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Figure 2. Incorporation of soybean meal nitrogen into protein 
and other nitrogenous compounds by washed sus­
pensions of rumen bacteria and protozoa 
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nitrogen has been described by Winter et al. (1964) as nitroge­
nous compounds such as amides and peptides, which are normal 
products of bacterial metabolism, 
Precipitable nitrogen also decreased during the first 12 
hours of incubation in both bacterial and bacterial-plus-
protozoal fermentations when soybean meal was the source of 
nitrogen. However, a significant Increase between 12 and 22 
hours of incubation was noted only in the bacterial-and«proto­
zoal fermentations. Non-protein nitrogen increased with 
decreasing precipitable nitrogen, particularly in the fermen­
tations with protozoa, while ammonia nitrogen generally par­
alleled non-protein nitrogen. 
Influence of Protozoa on Nitrogen Metabolism in Lambs 
Fed Semi-Purified and Natural Rations Containing 
Different Sources of Nitrogen 
Experiment III. Effect of protozoa on lambs fed soybean 
meal and corn gluten meal as nitrogen source 
in semi-purified rations 
The summary of results from two digestion and nitrogen 
balance trials comparing faunated and defaunated lambs are 
given in Table 6. When the ration containing soybean meal was 
fed, there was no difference in protein digestibility obtained 
on comparison of faunated and defaunated lambs. However, dry 
matter and cellulose digestion was significantly higher 
(P<0.05) in faunated lambs. No significant difference was 
observed in daily nitrogen balance, although nitrogen reten­
tion was higher in faunated lambs due mainly to a reduction in 
Table 6. Digestibility, nitrogen balance, viable bacteria, blood nitrogen and rumen 
metabolism data obtained from faunated and defaunated lambs fed soybean 
meal and corn gluten meal in semi-purified rations 
Ration 
1 2 
Soybean meal Corn gluten meal 
Faunated Cillate-protozoa Faunated C11late-protozoa 
lambs free lambs lambs free 
Number of lambs 4 4 4 4 
Dry matter Intake (gm). 745 767 747 $70 
Digestibility i%) 
76.77 65.84 Dry matter 69.13 69.21 
Protein 68.54 67.33 77.65 74.24 
Cellulose 75.02 55.10 56.37 59.87 
Dally nitrogen balance (gm) 
Nitrogen Intake 15.01 15.44 17.63 13.44 
Nitrogen in feces 4.80 4.80 3.96 
Nitrogen in urine 7.57 8.87 9.44 9.12 
Nitrogen retained" 2.64 1.77 4.23 1.17 
Nitrogen retained as 
percent Intake 17.59 11.46 23.99 8.70 
Viable bacteria/ml (xlO®)^ 12.8 167.50 16.0 125.10 
(126.8)* 
(  8 . 0 ) *  
( 8.3)* 
( 16.9)* 
(  1 .6)*  
( 1.9) 
Differences (D) required for significance at P = 0.05 level for comparison of 
treatment means between lambs fed SBM and CGM rations, significant differences 
underlined. 
^Differences (D) required for significance at P = 0.05 level for comparison of 
treatment means for the SBM and CGM rations were 1.0 and 2.7, respectively, signi­
ficant differences underlined. 
®Mean of two determinations made on pooled rumen fluid from four lambs. 
Table 6. (Continued) 
Ration 
1 2 
Soybean meal Corn gluten meal 
Faunated Clliate-protozoa Faunated Ciliate-protozoa 
lambs free lambs lambs free lambs 
Protozoa/ml (xlO^)^ 1.8 0.0 1.9 0.0 
Euminal ammonia 
(mg per 100 ml)®*^ 16.5 16.8 6.2 4.5 
Plasma alpha amino nitrogen 
(mg per 100 ml) 7.0 6.9 5.6 6.2 (1.9)® 
Blood urea nitrogen 
(mg per 100 ml) 13.3 16.4 17.6 19.4 (9.9)8 
Urinary urea nitrogen 
(gm per day) 6.6 7.8 8.3 8.6 (3.1)® 
Allantoin (gm per day) lA 1.8 1.0 1.1 (0.6)8 
^Mean of eight determinations. 
®Average of two collection periods, three and eight hours postfeeding. 
^Differences (D) required for significance at P = 0,05 level for comparison 
of treatment means for the SBM and CGM rations were 4.3 and 5*7t respectively. 
^Differences (D) required for significance at P = 0.05 level for comparison 
of treatment means between lambs fed SBM and CGM rations, significant differences 
underlined. 
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excretion of urinary nitrogen when compared with defaunated 
lambs. It was observed that protein digestion coefficients 
were significantly higher (P<0.05) in animals fed the ration 
containing corn gluten meal. Nitrogen intake was signifi­
cantly higher (P<0.01) in faunated animals fed rations con­
taining corn gluten meal. Very little difference was noted in 
excretion of urine and fecal nitrogen by faunated and defau­
nated lambs fed this ration. The significant increase in 
nitrogen retention (P<0.05) by faunated lambs fed ration 2 
appears to be a result of an increase in nitrogen intake. 
Little difference was observed between faunated and defaunated 
lambs receiving the soybean meal ration in ruminai ammonia 
production and concentrations of plasma alpha amino nitrogen, 
blood urea nitrogen, and urinary urea nitrogen. 
As accurate differential counts of the various bacterial 
species present in faunated and defaunated lambs were not 
made, it is difficult to present the results of the morpho­
logical observations in a concise form. In Table 7 an attempt 
is made to present the main features. Gram staining reactions 
and morphological characteristics of rumen bacteria in faunated 
and defaunated lambs will also be presented for all subsequent 
lamb trials reported in this dissertation. Lower viable bac­
teria concentrations (P<0.01) were observed in faunated lambs 
as compared with defaunated lambs fed the rations containing 
soybean meal and corn gluten meal. The source of protein did 
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Table 7. Qualitative morphological description and gram stain 
characteristics of rumen bacteria in faunated and 
defaunated lambs fed soybean meal and corn gluten 
meal in semi-purified rations 
Ration 
Animals^ 
1 
Soybean meal 
2 
Corn gluten meal 
Faunated G- short rods (very small) G- cocci 
G— rods, square ends (long) G+ rods (large) 
G+ short rods G- rods (large) 
G- medium, rather thick rods 
Defaunated G-» short rods G- rods (short) 
G— cocci (very small) G- cocci 
G+ short rods 
G- long rods 
^Duplicate gram stains were made for determinations on 
each treatment group. 
not appear to alter the concentration of viable bacteria in 
faunated and defaunated lambs. 
Lower numbers of viable bacteria were expected in animals 
receiving the corn gluten meal ration in view of previous 
in vitro findings in this dissertation. Concentration of pro­
tozoa in individual animals and types of protozoa present are 
Indicated in Table 8. Considerable variation was observed 
between animals, and even within Individual animals, from one 
collection period to another, Entodlnlum spp. predominated, 
presumably as a result of the ration used being abundant in 
starch and soluble sugars. 
Table 8. Protozoal counts determined on rumen contents from faunated lambs fed soy­
bean meal and corn gluten meal supplemented semi-purified rations 
Ration 
1 
SBM 
2 
CGM 
Lamb number 8 10 
Start of experimental period 
End of experimental period^ 
Average 
Isotrioha 
Entodinium 
Diplodinium 
Total 
Protozoal count, number per milliliter x 10^ 
1.0 
0.9 
0.9 
7.9 
92.1 
0.5 
2.3 
1.4 
9.6 
1.5 
4.2 
2.7 
1.5 
2.8 
2.1 
0 .0  
0 .0  
0 .0  
0.7 
0.2 
0.4 
80.5 100.0 
9.9 
Percent of protozoa 
1.0 1.0 
99.0 100.0 99.0 
3.3 
0 . 0  
1.6 
1.5 
98.5 
3.3 
3.8 
3.5 
2 . 6  
97.4 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
SBM and CGM refer to rations 1 and 2, Table 2. 
^Samples were taken one day previous to start of digestibility and nitrogen 
balance trials. 
^Samples were taken one day after the conclusion of the digestibility and 
nitrogen balance trials. 
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Concentration of plasma alpha amino nitrogen, blood urea 
nitrogen and urinary urea nitrogen In animals fed ration 2 were 
equal to or higher than in animals fed ration 1. Presumably 
this nitrogen source (corn gluten meal) is broken down to some 
extent in the lower gut by digestive enzymes and then absorbed. 
Apparently corn gluten meal is less modified in the rumen than 
soybean meal as indicated by the low rumen ammonia production. 
This may explain the decreased dry matter and thus decreased 
nitrogen intake in defaunated lambs receiving the corn gluten 
meal ration. It is possible that not enough ammonia was 
available for normal rumen function. Allantoic concentrations 
in the urine of animals receiving soybean meal were signifi­
cantly higher (P<0.05) when compared with animals receiving 
corn gluten meal. 
Experiment IV. Effect of protozoa on lambs fed casein and 
zein as nitrogen source in semi-purified rations 
The summary of results from two digestion and nitrogen 
balance trials comparing faunated and defaunated lambs receiv­
ing casein as a source of nitrogen is given in Table 9* Dry 
matter Intake was higher in faunated lambs fed rations con­
taining two levels of casein. Ration digestibility was essen­
tially the same, but faunated lambs fed ration 3 had digestion 
coefficients 15»3 percent higher than comparable defaunated 
lambs. Higher nitrogen retention in faunated lambs fed ration 
4 appeared to be a result of higher nitrogen intake. Differ­
ences in fecal and urinary nitrogen excretion in faunated and 
Table 9. Digestibility, nitrogen balance, urinary urea nitrogen and allantoin data 
obtained from faunated and defaunated lambs fed two levels of casein in 
semi-purified rations 
Ration 
Casein (6,9# protein) Casein (11.2# protein) 
Faunated Ciliate-protozoa Faunated Cillate-protozoa 
lambs free lambs lambs free lambs 
Number of lambs 4 4 4 4 
Dry matter intake (gm) 702 673 616 538 (170.0)^ 
Digestibility (#) 
Dry matter 
Protein 
Cellulose 
67.49 
49.48 
62.68 
63.52 
51.83 
53.10 
69.87 
68.31 
65.59 
64.79 
66.00 
65.01 
( 
( 
( 
9'8)a 
US' 
Daily nitrogen balance (gm) 
Nitrogen intake 
Nitrogen in feces 
Nitrogen in urine 
Nitrogen retained" 
Nitrogen retained as 
percent Intake 
8.89 
4.52 
3.27 
1.10 
12.37 
8.52 
3.77 
3.56 
1.19 
13.97 
12.67 
4.02 
6.83 
1.62 
14.36 
11.06 
3.66 
6.49 
0.91 
8.27 
( 
( 
Urinary urea nitrogen 
(gm per day) 0.8 0.9 2.2 2.8 ( 0.8)* 
Allantoin (gm per day) 0.6 0.6 0.4 0.8 ( 0.3)* 
Differences (D) required for significance at P = 0,05 level for comparison of 
treatment means for casein and zein (8 means). Zein rations in Table 14, 
significant differences underlined. 
^Differences (D) required for significance at P = 0.05 level for comparison of 
treatment means for the 6.93# and 11.25# casein rations were 0.9 and 4.2, respectively. 
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defaunated animals receiving this ration probably could be 
ascribed to normal biological variation. Urinary allantoin 
concentrations were significantly higher (P<0.05) in defau­
nated animals fed ration 4. Significantly higher concentra­
tions (P<0.05) of urea nitrogen in blood and urine were noted 
in both faunated and defaunated lambs fed ration 4 as compared 
with ration 3» Faunated animals fed ration 4 had higher 
{P<0.05) plasma alpha amino nitrogen concentrations at four 
hours postfeeding and higher (P<0.05) concentrations of blood 
urea nitrogen at four, eight and 12 hours postfeeding than 
comparable defaunated animals, Table 10. As individual amino 
acids were not determined, the significance of this increase 
in total amino acids in the blood of faunated lambs cannot be 
determined. Blood urea nitrogen concentrations in faunated 
and defaunated lambs fed ration 4 appear to be well correlated 
with ruminai ammonia concentrations. 
Significantly lower (P<0.01) numbers of viable bacteria 
were observed in faunated lambs fed rations 3 and k. Ruminai 
ammonia production was not significantly different. No 
measurable ammonia production was observed in defaunated lambs 
fed ration 3. Gram stain and morphological characteristics of 
viable bacteria present in the rumen contents of faunated and 
defaunated lambs fed the casein rations are shown in Table 11. 
There appear to be more gram positive organisms in lambs fed 
the casein supplemented rations as compared with lambs fed the 
soybean and corn gluten meal supplemented rations. Table ?• 
Table 10. Protozoa counts obtained in faunated lambs and viable bacterial, ruminai 
ammonia, plasma alpha amino nitrogen and blood urea nitrogen data 
obtained from faunated and defaunated lambs fed casein supplemented 
semi-purified rations 
Number of lambs 
Viable bacteria 
per ml (xl08) 
Protozoa/ml (xlO^) 
Ruminai ammonia 
mg per 100 ml 
Ration 
Hours 
post-
feeding 
3 4 
Casein (6,9^ protein) Casein (11.2^ protein) 
Faunated Ciliate-protozoa Faunated Ciliate-protozoa 
lambs free lambs lambs free lambs 
4 37.4 129.4 
8 44.6 147.4 
12 53.2 137.8 
Av. 45.1 138.2 
4 23.5 0.0 
8 24.7 0.0 
12 26.7 0.0 
Av. 25.0 0.0 
4 8.9 0.0 
8 0.0 0.0 
12 0.0 0.0 
Av. 2.3 0.0 
36.8 163.8 
44.6 171.6 ( 2.6)* 
32.2 175.8 
37.9 170.4 
11.3 0.0 , 
12 .2  0 .0  (  3 .8 )  
34.6 0.0 
19.4 0.0 
21.3 13.8 
10.2 11.3 (12.9)° 
9.9 5.7 
13.8 10.3 
^Differences (D) required for significance at P = 0.01 level for comparison of 
treatment means for the 6.93# and 11.25# casein rations. 
^Differences (D) required for significance at P = 0.01 level for comparison of 
treatment means for casein and zein rations (4 means). Zein rations in Table 16. 
^Differences (D) required for significance at P = 0.05 for comparison of treat­
ment means for the 6.93# and 11.25# casein rations, significant differences under­
lined. 
Table 10. (Continued) 
Ration 
Hours 
post-
feeding 
Casein 
Faunated 
lambs 
3_ 
(6.9# protein) 
Clliate-protozoa 
free lambs 
Casein 
Faunated 
lambs 
4 
(11.2# protein) 
C11late-protozoa 
free lambs 
Plasma alpha amino 
nitrogen (mg/100 ml) 
4 
8 
12 
Av. 
3.8 
4.0 
4.6 
4.1 
3.9 
4.5 
4.4 
4.3 
la 
5.2 
5.2 
5.2 
3*3 
3.8 ( 1.7)° 
4.0 
3.7 
Blood urea nitrogen 
mg per 100 ml 
4 
8 
12 
5.0 
5.3 
5.1 
4.0 
3.7 
4.4 
l$.l 
13.5 
12.5 
^ ( 3.5)° 
Av. 5.1 13.7 9.5 
Table 11. Qualitative morphological description of rumen bacteria in faunated and 
defaunated lambs fed casein in a semi-purified ration 
Animals 
Hours 
post-
feeding Casein (6.9^ ration) 
Ration 
Casein (11.2^ ration) 
Faunated 4 G+ cocci, G- short rods 
8 G- rods, short and long 
12 G- short rods 
G+ rods (pairs, + strings of 4) 
G+ rods in clusters and pairs 
G+ cocci singles and clusters 
Defaunated 4 G+ short rods (fat) 
8 G+ short rods, G- rods (long) 
12 G- rods, long 
G- rods small, pairs and clusters 
G- cocci, singles and clusters 
G+ rods and cocci singles and 
clusters 
Duplicate gram stains were made for determinations on each treatment group. 
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However, this is only a qualitative observation and is subject 
to the limitation of a small number of observations. There 
was also a significant difference in viable bacteria concen­
trations (P<0,05) when protein level and time after feeding 
were compared in all animals receiving the casein supplemented 
rations. Protozoa concentrations were higher (P<0,05) in the 
rumen contents of lambs fed ration 3 than with faunated lambs 
fed ration 4. An increase in protozoa concentration between 
four and 12 hours after feeding was observed in faunated lambs 
fed ration 4-. Concentration of protozoa in individual animals 
and types of protozoa present are indicated in Table 12. Large 
variations in protozoal numbers were found between lambs fed 
the same ration. Entodinium spp. were predominant in the rumen 
contents of lambs fed both rations. No significant differences 
in total volatile fatty acid production were observed that were 
due to the presence or absence of protozoa in lambs fed the 
casein supplemented rations, Table 13» Significant differences 
due to protein level and time after feeding (P<0.01) were 
noted. The defaunation x protein level interaction was sig­
nificant (P<0.01). Rumen pH values were significantly higher 
(P<0.01) in the rumen contents of lambs 12 hours after feeding 
compared with four hours after feeding. Rumen pH and the 
molar percentage of acetate were higher in the rumen contents 
of lambs fed ration 3* Total volatile fatty acid production 
and the molar percentages of propionic, isobutyrlc, isovaleric, 
and valeric acids were higher in the rumen contents of lambs 
Table 12. Protozoal counts of faunated lambs fed casein as nitrogen source in 
a semi-purified ration 
Ration 3 
6.9* 
Casein 
4 
11.2# 
Lamb number 11 13 18 55 12 14 19 59 
Hours postfeeding Protozoal 
•
p 0 o number per milliliter x 10^  
4 19.4 0.6 3.5 60.0 6.3 14.0 0.0 24.0 
8 19.1 3.5 10.0 57.0 2.2 19.5 0.0 26.4 
12 35.2 5.0 33.9 22.0 66.0 44.2 0.8 86.8 
Av. 24.6 3.0 15.8 46.3 24.8 25.9 0.3 45.7 
Entodinlum 
Diplodinium 
100.0 100.0 
Percent protozoa 
100.0 94.3 100.0 99.2 
5.7 0.8 
100.0 100.0 
^Composition of the rations in Table 2. 
Table 13. Ruminai pH and volatile fatty acid production in faunated and defaunated 
lambs receiving casein in a semi-purified ration 
Hours uM& 
after V.F.A. Molar percentage 
Ration feeding pH per ml 03/0^ C2 Cj iCji^ C^, iC^ 
3 - 6.9# protein 
Ciliate-protozoa^ 
free lambs 4 6.00 49.84 2.40 60.39 25.18 0.58 10.86 0.67 2.32 
8 6.82 37.31 2.28 61.60 27.06 1.02 7.74 0.87 1.71 
12 6.85 28.14 2.64 65.07 24.61 1.15 5.93 1.06 2.18 
Av. 6.56 38.43 2.44 62.35 25.62 0.92 8.18 0.87 2.07 
Faunated lambs^ 4 6.15 51.02 2.28 61.67 27.07 0.93 8.07 0.83 
8 6.85 33.53 2.73 65.44 23.99 0.87 7.01 1.26 
12 6.65 36.12 2.77 67.44 24.38 0.99 5.26 1.03 
Av. 6.55 40.22 2.59 64.85 25.15 0.93 6.78 1.04 
1.43 
1.43 
0.90 
1.25 
^Each value is based on the mean of four determinations. 
differences (D) required for significance at P = ,05 level for comparison of 
treatment means for total VFA and the Cg/C^ ratio are 13.8 and O.3o, respectively. 
Table 13. (Continued) 
Hours uM^ 
after V.F.A. Molar percentage 
Ration feeding pH per ml Cg/C^ CT^ Uj^ 
4 - 11.2# protein 
Clllate-protozoa^ 
free lambs 4 6.27 57.17 1.87 56.63 30.35 1.13 7.61 1.64 2.64 
8 6.12 53.84 2.00 56.91 28.49 1.23 8.51 1.85 3.01 
12 6.20 58.60 2.02 58.29 28.84 0.99 8.15 1.63 2.10 
Av. 6.20 56.54 1.96 57.28 29.23 1.12 8.09 1.71 2.58 
Faunated lambs 4 5.70 53.62 1.90 56.23 29.60 1.27 8.20 1.89 2.81 
8 6.52 45.22 2.00 59.10 29.50 1.05 6.39 1.43 2.53 
12 6.72 43.99 1.72 56.91 33.06 1.04 4.85 1.15 2.99 
Av. 6.31 47.61 1.87 57.41 30.72 1.12 6.48 1.49 2.78 
fed ration 4. These same animals also had a lower acetate to 
propionate ratio when compared with animals fed ration 3* 
The summary of results from two digestion and nitrogen 
balance trials comparing faunated and defaunated lambs receiv­
ing zein as nitrogen source are given in Table 14. Dry matter 
intake was higher in faunated lambs fed rations containing zein 
at two levels of protein, being significantly higher (P<0,05) 
in faunated lambs fed ration 5» The presence of protozoa sig­
nificantly influenced digestion coefficients. Dry matter 
digestion was significantly higher (P<0.05) in faunated lambs 
fed rations 5 and 6. Cellulose digestion was also signifi­
cantly higher (P<0.05) in faunated lambs fed ration 6 and 
nitrogen digestion was significantly higher (P<0,05) in fau­
nated lambs fed ration 5« When digestibility was compared 
between animals fed casein and zein it was observed that all 
digestion coefficients were significantly higher (P<0,01) in 
lambs fed the casein supplemented rations. 
The presence of protozoa also significantly influenced 
nitrogen intake and nitrogen retention. Nitrogen intake in 
faunated lambs fed ration 5 was significantly higher (P<0.01) 
than for defaunated lambs. Defaunated lambs receiving this 
same ration were in negative nitrogen balance, the reason 
apparently being the significantly lower level of nitrogen 
intake. 
Fecal nitrogen excretion and urinary nitrogen excretion 
were compared in all animals receiving the casein and zein 
Table 14. Digestibility, nitrogen balance, urinary urea nitrogen and allantoin data 
obtained from faunated and defaunated lambs fed zein supplemented semi-
purified rations 
Ration 
5 6 
Zein (6.9# protein) Zein (10.9^ protein) 
Faunated C11late-protozoa Faunated Cillate--protozoa 
lambs free lambs lambs free lambs 
Number of lambs 4 4 4 4 
Dry matter intake (gm) 669 420 602 564 (170.0)^ 
Digestibility i%) 
61.75 53.46 64.63 Dry matter 54.18 ( 9.8)* 
Protein 34.95 20.59 43.17 39.48 ( 12.7)* 
Cellulose 48.34 39.14 59.04 39.36 ( 19'Z) 
Daily nitrogen balance (gm) 
Nitrogen Intake 8.38 6.14 11.89 11.14 
1.7)* Nitrogen in feces 5.47 4.84 6.76 6.71 ( 
Nitrogen in urine 2.53 2.55 3.73 2.59 ( 1.6)* 
Nitrogen retained 0.38 -1.25 1.40 1.85 ( 1.2)t 
Nitrogen retained as 
percent intake 4.53 0.0 11.77 10.77 
Urinary urea nitrogen 
0.80)* (gm per day) 0.5 0.8 1.40 0.80 ( 
Allantoin (gm per day) 0.2 0.3 0.3 0.3 ( 0.3)* 
Differences (D) required for significance at P = O.o5 level for comparison of 
treatment means for casein and zeln rations (8 means). Casein rations in Table 9, 
significant differences underlined. 
^Differences (D) required for significance at P = O.o5 level for comparison of 
treatment means for the 6,$^% and 10.9^^ zeln rations. 
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rations. Significantly higher {P<0.01) fecal nitrogen excre­
tion was observed in animals receiving zein as compared with 
animals receiving casein. On the other hand, significantly 
higher urinary nitrogen excretion (P<0.01) was observed in 
animals receiving casein as compared with animals receiving 
zein. No ammonia production was observed in lambs fed zein. 
This observation was expected in view of the previous Jji vitro 
work which indicated that zein was not readily attacked by 
rumen microorganisms. 
Gram stain and morphological characteristics of viable 
bacteria present in the rumen contents of faunated and defau-
nated lambs fed zein are shown in Table 15. 
Gram positive organisms predominated in the rumen con­
tents of all animals except defaunated lambs fed ration 6. A 
shift in types of gram reactive organisms is observed when 
compared with organisms present in lambs fed soybean meal and 
corn gluten meal, Table 7. 
The absence of protozoa in lambs fed zein resulted in 
increased (P<0.01) concentration of viable bacteria. Table l6. 
Viable bacteria concentrations in faunated lambs fed ration 6 
were higher (P<0.01) than in faunated lambs fed ration 5. It 
appears this was due mainly to the relatively low concentra­
tion of viable bacteria in faunated lambs receiving ration 5» 
No explanation can be given for this low count. Each deter­
mination was replicated five times, so variation in techniques 
can apparently be ruled out as a possible factor. Protozoa 
Table 15. Qualitative morphological description of rumen bacteria in faunated and 
defaunated lambs fed zein in a semi-purified ration 
Animals 
Hours 
post-
feeding 
Ration 
Zein (6,9^ ration) Zein (10.9# ration) 
Faunated k G+ cocc 
8 G+ fat 1 
12 G+ fat i 
Defaunated 4 G+ rods 
8 G+ rods 
12 G+ rods 
G+ rods 
G+ rods and cocci 
G- rods, some G+ rods 
G- rods, long thin, some in 
strings 
G+ fat rods, G- short rods 
^•Duplicate gram stains were made for determinations on each treatment group. 
Table 16, Protozoa counts obtained in faunated lambs and viable bacterial, plasma 
alpha amino nitrogen and blood urea nitrogen data obtained from faunated 
and defaunated lambs fed zein supplemented semi-purified rations 
Ration 
5 6 
Hours Zein (6.9^ protein) Zein (10.9# protein) 
post- Faunated Ciliate-protozoa Faunated Ciliate-protozoa 
feeding lambs free lambs lambs free lambs 
Number of lambs 4 4 4 4 
Viable bacteria 4 0.9 32.4 25.2 29.2 
per ml (xlo8) 8 1.3 57.0 13.8 46.2 
12 1.5 57.4 15.2 56.6 
Av. 1.2 48.9 18.1 44,0 
Protozoa/ml (xlO-5) 4 6.5 0.0 8.3 0.0 
8 7.1 0.0 17.4 0.0 
12 7.3 0.0 14.0 0.0 
Av. 7.0 0.0 13.2 0.0 
Plasma alpha amino 4 5.0 4.4 4.1 5.0 
nitrogen 8 4.7 3.6 4.0 5.2 
mg per 100 ml 12 4.8 4.7 4.1 5.2 
Av. 4.8 4.2 4.1 5.1 
(9.3)' 
(3.8) 
(1.8) 
^Differences (D) required for significance at P = 0.01 level for comparison of 
treatment means for the 6,9^^ and 10.94# zein rations. 
^Differences (D) required for significance at P = 0.01 levei for comparison of 
treatment means for casein and zein rations (4 means). Casein rations in Table 10. 
^Differences (D) required for significance at P = 0.05 for comparison of treat­
ment means for the 6.9^% and 10.94% zein rations, significant differences underlined. 
Table 16. (Continued) 
Ration 
5 5 
Hours Zein {6,$% protein) Zein (10«9^ protein) 
post- Faunated Clliate-protozoa Paunated Ciliate-protozoa 
feeding lambs free lambs lambs free lambs 
Blood urea nitrogen 
mg per 100 ml 
4 
8 
12 
Av. 
4..0 
3.6 
4.1 
3.9 
2.9 
2.9 
2.7 
2.8 
5.0 
4.6 
5.6 
5.1 
M 
M 
(2.9) 
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concentrations were higher in the rumen contents of lambs fed 
ration 6 when compared with faunated lambs fed ration Pro­
tozoal counts of faunated lambs fed zein are shown in Table 17. 
There was considerable variation in protozoa concentrations 
between animals. Entodinium spp. predominated; however, the 
rumen contents of seven out of the eight lambs contained some 
Dipodlnium spp. 
When protozoa concentrations were compared in all fau­
nated lambs receiving the casein and zein supplemented rations, 
protozoa concentrations were significantly higher (P<0,05) in 
the rumen contents of lambs receiving the low level of casein 
(ration 3. Table 2). Protozoa concentrations were also signif­
icantly higher (P<0.05) in all faunated lambs receiving casein 
as compared with faunated lambs receiving zein. An increase in 
protozoa concentrations with time after feeding was observed 
in all faunated animals receiving casein and zein. 
Levels of volatile fatty acids in the rumen of faunated 
and defaunated lambs fed zein can be seen in Table 18. Fau­
nated lambs fed ration 6 produced significantly higher 
(P<0.05) total volatile fatty acids than comparable defaunated 
animals. This concentration of total volatile fatty acids was 
also significantly higher (P<0,01) than that in faunated 
animals fed ration 5» Ruminai pH was significantly influenced 
(P<0,01) by level of protein, being higher in lambs fed 
ration 5« Ruminai pH was significantly higher (P<0.01) in 
the rumen contents of all lambs at 12 hours after feeding as 
Table 17. Protozoal counts of faunated lambs fed zein in a semi-purified ration 
Zein® 
5 6 
6.9^ 10. 9^ 
Lamb number 11 12 13 14 18 58 59 60 
Hours postfeeding Protozoal count. number per milliliter x io5 
4 2.7 7.0 8.2 8.0 14.7 8.2 6.4 3.7 
8 3.8 9.6 8.2 6.9 12.9 13.6 37.5 5.8 
12 3.9 11.5 9.3 4.7 16.4 19.7 11.4 8.7 
Av. 3.5 9.4 8.6 6.5 14.7 13.8 18.4 6.1 
Percent protozoa 
Entodinium 100.0 87.9 98.6 97.9 97.9 86.4 80.0 94.0 
DlDlodinium 0.0 12.1 1.4 2.1 2.1 13.6 20.0 6.0 
Total 100.0 100,0 100.0 100.0 100.0 100.0 100.0 100.0 
^Composition of the rations in Table 2. 
Table 18. Ruminai pH and volatile fatty acid production in faunated and defaunated 
lambs fed zein in a semi-purified ration 
Hours uM^ 
after V.F.A. Molar percentage 
Ration feeding pH per ml C2/C3 C2 C3 
0
 
•
H
 C4 iC5 C5 
5 - 6.9# protein 
C iliate-pr0tozoa^ 
free lambs 6.70 32.75 3.47 65.47 18.88 1.11 10.06 0.91 3.57 
8 7.02 35.39 2.84 62.21 21.86 1.13 10.91 1.03 2.86 
12 7.25 36.96 2.74 62.97 22.95 1.32 10.31 1.41 1.04 
Av. 6.99 35.03 3.02 63.55 21.23 1.19 10.43 1.12 2.49 
Faunated lambs 4 6.80 38.00 2,39 59.06 24.70 0.36 12.97 1.22 1.69 
8 6.70 33.30 2.78 64.68 23.23 0.72 9.75 0.92 0.70 
12 7.22 30.62 2.86 65.22 22.82 0.81 9.05 1.22 0.88 
Av. 6.91 ,33.97 2.68 62.99 23.58 0.63 10.59 1.12 1.09 
^Each value is based on the mean of four determinations, 
differences (D) required for significance at P = ,05 level for comparison of 
treatment means for total VFA and the Cg/C^ ratio are 6.7 and 0.7, respectively. 
Table 18. (Continued) 
Hours uM^ 
after V.F. A .  Molar percentage 
Ration feeding pH per ml Cg/C^ Cg iCj^ iC^ 
6 - 10,9# protein 
free lambs 4 6.50 39.07 2.15 59.46 27.64 1.07 9.56 0.70 1.57 
8 6.77 30.06 2.85 65.04 22.89 1.13 8.17 0.99 1.78 
12 6.67 30.50 3.46 68.94 19.92 0.92 7.57 0.82 1.82 
Av. 6,65 33.21 2.82 64.48 23.48 1.04 8.43 0.84 1.72 
Faimated lambs 4 6.65 46.65 2.72 65.68 24.13 0.40 8.63 0.90 0.26 
8 6.75 47.95 2.72 63.63 23.39 0.48 10.77 1.35 0.38 
12 6.85 41.41 2.88 66.12 22.99 0.70 8.02 1.54 0.63 
Av. 6.75 45.34 2.77 65.14 23.50 0.53 9.14 1.26 0.42 
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compared with four hours after feeding. Production of acetic 
acid was not greatly influenced by the presence or absence of 
protozoa. Production of iso-butyric and valeric acids was 
higher in the rumen contents of defaunated lambs. A narrower 
acetate to propionate ratio was observed in faunated lambs fed 
ration 5* Acetate to propionate ratios decreased with time 
after feeding in defaunated lambs fed ration 5 and increased 
with time after feeding in faunated lambs. 
When urinary allantoin concentrations were compared from 
lambs receiving casein and zein it was observed that defaunated 
animals fed ration 4 had a significantly higher (P<0.05) rate 
of allantoin excretion in the urine than comparable faunated 
lambs. No other effect was observed, due to the presence of 
protozoa and level of protein. Urinary allantoin concentrations 
were significantly higher (P<0.01) in lambs fed casein. Allan­
toin concentrations in urine are the end product of rumen poly­
nucleotide synthesis (Ellis and Pfander, I965). Since zein and 
casein are devoid of purine material it appears that rumen 
microbial activity was higher in animals receiving casein sup­
plemented rations. It has been suggested by Elliott and Topps 
(1963b) that the most efficient protein utilization in rumi­
nants is obtained when urinary urea excretion is low, or 
alternately when allantoin excretion is high. Conversely, 
Ellis and Pfander (I965) suggest that rumen polynucleotide syn­
thesis from dietary nitrogen is unnutritious to the animal. 
Allantoin to urea nitrogen ratios were compared in animals 
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receiving the casein and zein supplemented rations, Table 19. 
It would appear that a low excretion rate of urea nitrogen and 
allantoin would be the best combination for most efficient 
protein utilization in the ruminant animal. Low ratios of 
allantoin to urinary urea nitrogen would reflect this. 
Table 19. Ratios of allantoin to urinary urea nitrogen ex­
creted by faunated and defaunated lambs receiving 
casein and zein in semi-purified rations 
Ration^ 
Casein^ Zein^ 
3 4 5 6 
6.9# 11.2# 6.9% 10.9# 
Faunated 
av" 
0.6 
0 .8  
0 . 6  
1.1 
0 .8  
0.1 
0.2 
0.2 
0.2 
0.2 av^  
0.4 
0.4 
0.7 
0.5 
0 .5  
0.2 
0.2 
0.3 
0.2 
0.2 
Defaunated 
Av 
0.7 
1.1 
0.4 
0.8 
0.7 
0.3 
0.4 
0.3 
0.3 
0.5 
0.3 
0.3 
Av® 0.4 
0.3 
0.3 
0.4 
0.5 
0.4 
^Ratios derived from values expressed as grams excreted 
per day per animal. 
Values are averages of duplicate determinations on urine 
from individual animals. 
^Differences (D) required for significance at P = .05 
level for comparison of treatment means for casein and zein 
rations were 0.3 and 0.2, respectively. 
y y 
No significant effects were observed due to defaunation in 
animals receiving casein. Allantoin to urea nitrogen ratios 
were, however, significantly lower (P<0,01) in the urine of 
animals receiving ration 4 when compared with animals fed 
ration 3* Allantoin to urea nitrogen ratios were significantly 
lower (P<0*05) in faunated lambs fed ration 6 (10,9 percent 
zein) as compared with defaunated animals. It appears that 
urinary allantoin to urea nitrogen ratios were influenced by 
level of ration protein, but not by addition of protozoa in 
lambs fed casein. Ratios in lambs fed zein were influenced by 
level of ration protein, as well as by the presence of protozoa. 
Experiment V. Effect of protozoa on lambs fed an 
alfalfa hay and corn and cob ration 
The summary of results from two digestion and nitrogen 
balance trials comparing faunated and defaunated lambs is given 
in Table 20. When the ration contained cracked shelled corn 
and ground corn cobs with no supplemental nitrogen source, 
protein digestibility was higher (P<0.05) in defaunated lambs. 
On the other hand, protein digestibility was higher (P<0.05) 
in faunated lambs fed the alfalfa hay ration. No significant 
differences in dry matter and cellulose digestibility were 
observed between faunated and defaunated lambs fed the alfalfa 
hay and corn ration. Nitrogen retention was higher in defau­
nated animals fed the corn and cob ration even though viable 
bacteria numbers were somewhat higher in faunated animals. 
Ruminai ammonia production was low in faunated animals receiving 
Table 20. Digestibility, nitrogen balance, viable bacteria, blood nitrogen and rumen 
metabolism data obtained from faunated and defaunated lambs fed a corn and 
cob and alfalfa hay ration 
Ration 
IB-
Corn and cob Alfalfa hay 
Faunated Ciliate-protozoa Faunated Ciliate-protozoa 
lambs free lambs lambs free lambs 
Number of lambs 8 
Dry matter intake (gm) 869 
Digestibility (^) 
Dry matter 61,21 
Protein ^5*31 
Cellulose 49.00 
Daily nitrogen balance (gm) 
Nitrogen intake 9.82 
Nitrogen in feces 5.3^ 
Nitrogen in urine 2,08 
Nitrogen retained 2.40 
Nitrogen retained as 
percent intake 24.43 
Viable bacteria/ml (xlO®)® 7.2 
7 
220 (10.1) 
59.06 ( 4.6)®^ 
52 .38  (  6 ,1 )*  
43.23 ( 8.4)8 
10.40 
4.94 
2.33 
3.13 
30.10 
4.5 
( 1.4)* 
( 0.7)* (  0 . 8 ) *  
8 
773 
72.12 
71.19 
#709 
16.12 
4.64 
7.71 
3.77 
23.32 
6.4 
5 
727 
70.73 
66.93 
66.31 
15.15 
4.95 
6.08 
4.12 
(61.0) 
( 1.59)1 
( 3.0)b 
( 2.7)b 
( 0.5)t 
( 0.8)5 
( 1.7)^  
27.19 
29.2 (23.8)* 
^Differences (D) required for significance at P = .05 level for comparison of 
treatment means for the corn and cob ration, significant differences underlined. 
^Differences (D) required for significance at P = .05 level for comparison of 
treatment means for the alfalfa hay ration, significant differences underlined. 
®Mean of two determinations made on pooled rumen fluid from four lambs. 
^Differences (D) required for significance at P = .05 level for comparison of 
treatment means for the corn and cob and alfalfa hay rations, significant dif­
ferences underlined. 
Table 20. (Continued) 
Ration 
7 g 
Corn and cob Alfalfa hay 
Faunated Ciliate-protozoa Faxmated Ciliate-protozoa 
lambs free lambs lambs free lambs 
Protozoa/ml (xlO^)® 3.2 17.3 (19.5)^ 
Ruminai ammonia 
(mg per 100 ml)^ 5.10 0.0 10.31 5.4 ( 3.71)8 
Plasma alpha amino nitrogen 
(mg per 100 ml) 6.2 5.5 ( 1.9)® 
Blood urea nitrogen 
(mg per 100 ml) 15.6 12.5 ( 2.2)8 
Urinary urea nitrogen 
(gm per day) 0.9 1.4 (0.5)^ 6.2 4.2 ( 2.3)8 
Allantoin (gm per day) 1.3 1.3 (0.4)h 2.6 1.1 ( 1.9)8 
®Mean of eight determinations. 
fAverage of two collection periods, three and eight hours postfeeding, 
^Differences (D) required for significance at P = .05 level for comparison 
of treatment means for the alfalfa hay ration, significant differences underlined. 
^Differences (D) required for significance at P = .05 level for comparison 
of treatment means for the corn and cob ration. 
the corn and cob ration, and no ammonia was detected in the 
rumen content of defaunated lambs. Nitrogen retention was 
higher in defaunated lambs fed the alfalfa hay ration, mainly 
due to a higher excretion (P<0.01) of urinary nitrogen by 
faunated lambs. This higher excretion of urinary nitrogen by 
faunated lambs appears to be a reflection of the significantly 
higher (P<0,01) rate of ammonia production in faunated lambs 
fed the alfalfa hay ration. A significantly higher concentra­
tion (P<0.05) of urea nitrogen was also observed in the blood 
of the faunated animals. There was no significant difference 
in concentration of allantoin in urine from animals fed the 
corn and cob and alfalfa hay rations. However, in faunated 
animals fed the alfalfa hay ration, higher concentrations of 
urinary allantoin were observed when compared with correspond­
ing defaunated animals. Viable bacteria concentrations were 
significantly higher (P<0.05) in defaunated lambs fed ration 8 
when compared with faunated lambs. Concentrations of rumen 
protozoa were higher in lambs fed the alfalfa hay ration as 
compared with animals fed the corn and cob ration. Concentra­
tion of protozoa in individual animals fed the corn and cob 
ration and types of protozoa present is shown in Table 21. 
Concentration of protozoa in individual animals fed the alfalfa 
hay ration and types of protozoa present is shown in Table 22. 
Entodinlum spp. predominated in the rumen contents of animals 
receiving these rations. Protozoa concentrations seem unusu­
ally high in lambs fed the alfalfa hay ration (average of all 
Table 21. Protozoal counts of faunated lambs fed a corn and cob ration 
Ration 
Lamb number 
Corn and cob 
8 10 
Start of experimental period^ 
End of experimental period® 
Average 
Isotrlcha 
Entodlnium 
Diplodinium 
Total 
Protozoal count, number per milliliter x 10^ 
1.2 
2.7 
1.9 
0.5 
0.7 
0 . 6  
100.0 100.0 
100.0 100.0 
1.6 
5.3 
3.5 
0 . 6  
k.l 
2.^  
0.1 
6 .8  
3.5 
2.3 
15.2 
8 . 8  
Percent of protozoa 
0 . 8  
96.8 
3.2 
100.0 
95 .7  
3 .5  
100.0 
100.0 
100.0 
89.8 
10.2 
100.0 
0 . 2  
8.5 
0.2 
1.2 
0.7 
100.0 100.0 
100.0 100.0 
*Corn and cob ration refers to ration 7» 
^Samples were taken one day previous to start of digestibility and nitrogen 
balance trials. 
^Samples were taken one day after the conclusion of the digestibility and 
nitrogen balance trials. 
Table 22, Protozoal counts of faunated lambs fed an alfalfa hay ration 
Ration Alfalfa hay^ 
Lamb number 3 4 5 6 7 11 9 10 
Protozoal count , number per milliliter x 10^  
Start of experimental period^ 85 .5 4.3 3.6 3.9 8.6 3.6 3 .6 11.0 
End of experimental period® 53 .0 9.3 5.0 9.5 3.4 2.4 70 .0 0.1 
Average 69 .2 6.8 4.3 6.7 6.0 3.0 36 .8 5.6 
Percent of protozoa 
Entodinlum caudatum 41 .0 16.0 48.5 49.7 23.3 38.5 21 .2 20.7 
Entodlnium bursa 59 .0 84.0 51.5 50.3 76.7 61.5 78 .8 79.3 
Total 100 .0 100.0 100.0 100.0 100.0 100.0 100 .0 100.0 
Alfalfa hay ration refers to ration 8, Table 2. 
^Samples were taken one day previous to start of digestibility and nitrogen 
balance trials. 
^Samples were taken one day after the conclusion of the digestibility and 
nitrogen balance trials. 
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eight animals when comparable data In the literature Is exam­
ined. This high count was mainly a result of very high con­
centrations in lambs 3 and 9. Two distinct types of protozoa 
were present in animals fed the alfalfa hay ration. One type 
was identified as Entodlnlum caudatum. the other type was 
difficult to identify. This latter organism was approximately 
twice the size of Entodlnlum caudatum and was identified as 
Entodlnlum bursa. However, this Identification is not exact 
and it could be a variant of Entodlnlum caudatum or another 
species. 
Gram stain and morphological characteristics of viable 
bacteria present in the rumen of faunated and defaunated lambs 
fed the corn and cob and alfalfa hay rations are shown in 
Table 23. Animals receiving the natural rations were observed 
to have a predominance of gram negative bacteria. In examining 
gram stain and morphological characteristics of bacteria 
present in animals fed all of the experimental rations it 
should be appreciated that these criteria serve only as a guide 
to the predominant forms of microorganisms present. 
Nitrogen intake, when averaged over all lamb experiments 
reported In this dissertation, was 9.2 percent higher in fau­
nated lambs than in defaunated lambs. Nitrogen retention 
tended to be higher in faunated animals receiving semi-purified 
rations when compared with defaunated animals receiving the 
same rations. This was not the case when faunated and defau­
nated animals were fed natural rations. It should be noted 
ok 
Table 23. Qualitative morphological description of rumen bac­
teria in faunated and defaunated lambs receiving a 
corn and cob and alfalfa hay ration 
Ration 
Animals® Corn 
7 
and cob 
8 
Alfalfa hay 
Faunated G- short rods (large) G- long rods in strings 
G— short rods G" long rods 
G+ cocci G- cocci, individual and 
in strings 
G+ rods, G- short rods 
G- cocci (predominant 
number) 
Defaunated G- rods. medium size G^ short rods 
G- rods. very small G— short rods (thick) 
G— short rods, G- cocci (very small) 
G-" cocci G— short rods 
G+ cocci 
duplicate gram stains were made for determinations on 
each treatment group. 
that the presence of protozoa was particularly beneficial in 
animals receiving ration 2 (corn gluten meal. Table 6) and 
ration 5 (zein, 6.9 percent. Table 14). A summary of the data 
from eight trials comparing the effect of viable bacteria con­
centrations and rumen protozoa numbers on nitrogen retention 
in faunated and defaunated lambs is given in Figure 3» 
Although viable bacteria concentrations were lower in faunated 
lambs, nitrogen retention was generally higher. The higher 
viable bacteria concentrations in defaunated lambs did not 
appear to be correlated with nitrogen retention. Defaunated 
lambs fed ration 4 (casein 11.2 percent) had the highest 
viable bacteria concentration but a relatively low nitrogen 
balance. Defaunated lambs fed ration 8 (alfalfa hay ration) 
had relatively low viable bacteria concentrations but rela­
tively high nitrogen balance. Differences in relative concen­
trations of protozoa in faunated animals fed the various 
rations also did not appear to be correlated with nitrogen 
retention, Faunated lambs receiving rations 1 and 2 (soybean 
meal and corn gluten meal) had the lowest relative concentra­
tion of protozoa while having fairly high nitrogen retention. 
Lambs receiving rations 3 and 4 (casein rations) had the 
highest concentration of rumen protozoa while having relatively 
low nitrogen retention values. Ration Influences tended to 
confound the comparison of the effect of bacteria and protozoa 
on nitrogen retention. Animals fed the readily available 
casein rations (ration 3 and 4) supported higher numbers of 
rumen protozoa than animals fed the fairly Insoluble zeln 
rations (rations 5 and 6). Concentrations of viable bacteria 
were higher In animals fed semi-purified as compared with 
natural rations; animals fed the corn and alfalfa hay rations 
(rations 7 and 8) had the lowest concentration of viable bac­
teria. 
Results of a comparison of dry matter intake and rumen 
protozoa numbers are shown in Figure 4. Least squares 
analysis indicated no significant effect of the regression of 
numbers of protozoa upon dry matter Intake. Although ration 
effects Influenced the relative concentration of protozoa, 
86 
there did seem to be a trend towards lower numbers of rumen 
protozoa in animals having higher rates of dry matter intake. 
Fermentation rate was generally higher also in animals consum­
ing more feed. It is possible these observations could be 
explained on the basis of time and animal differences, A 
different group of animals was used in studies involving the 
use of casein and zein in semi-purified rations. These studies 
were also carried out one year after studies were conducted 
using the other rations. 
Figure 3» A comparison of viable bacteria concentrations, 
rumen protozoa numbers, and nitrogen retention 
In faunated and defaunated lambs 
V ia'nle 
bactoria 
per ].il 
Jr^otosoa 
x 10^  
per ml 
Nitrogen 
retained 
(g / day) 
89 
Figure 4 A comparison of dry matter intake and rumen 
protozoa numbers in faunated and defaunated 
lambs 
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GENERAL DISCUSSION 
Results of vitro fermentation studies have demonstrated 
that rumen protozoa in combination with bacteria tend to in­
crease the rate and extent of fermentation when compared with 
bacteria alone. These results were obtained using substrates 
containing nitrogen which was readily available to the rumen 
microorganisms. When fairly unavailable sources of nitrogen 
were used protozoa had no influence upon the rate and extent 
of 111 vitro fermentation. It cannot be stated, however, that 
Increased fermentation activity observed with the combination 
of protozoa and bacteria is due solely to the presence of 
protozoa. Accurate determination of viable bacteria and pro­
tozoa concentrations were not made and culture of individual 
bacterial species was not attempted. It is conceivable that 
symbiosis between bacteria and protozoa occurs. Evidence for 
this symbiotic relationship in the literature points to this 
possibility. Gill and Vogel (I962) found that nutritional 
self-sufficiency of the protozoan Herpetomonas In a lysine 
free medium was due to lysine synthesis by a bacterial type 
endosymbiote. Hungate (I963) suggested that it is the rumen 
population as a whole that is symbiotic. Finally, Yoder (I965) 
observed that the presence of protozoa In lii vitro bacterial 
fermentations helped bacteria to adjust to new environments 
and suggested that the presence of protozoa shortened the lag 
phase of bacterial growth. 
9i 
Increased cellulose digestion and ammonia production was 
observed with the addition of protozoa in experiments where 
casein, soybean meal or urea were used as source of nitrogen in 
the nutrient medium. The addition of protozoa appeared to 
shorten the bacterial lag phase. Ammonia production and cellu­
lose digestion values were higher at 20 hours of incubation In 
bacterial and protozoal containing cultures as compared with 
bacterial containing cultures. One exception was noted: 
cellulose digestion was essentially the same at 20 hours of 
incubation in bacterial as well as bacterial and protozoal con­
taining cultures when casein was used as the source of"nitrogen 
in the nutrient medium. If rumen bacteria are in a stage of 
active logarithmic growth at the end of a 24-hour fermentation 
as Yoder (1965) suggested, then bacterial containing cultures 
in casein, soybean meal and urea containing nutrient medium 
were presumably at an extended lag phase or semi-logarithmic 
stage of growth at the 20-hour incubation time as compared with 
the bacterial and protozoal containing cultures. This point is 
further illustrated when bovine serum globulin was used as the 
source of nitrogen in the nutrient medium and cellulose diges­
tion was the criterion of response. At eight hours of fermen­
tation the bacterial and protozoal cultures had cellulose 
digestion values ^6 percent higher than corresponding bacterial 
cultures. When bovine serum albumin was used as the source of 
nitrogen in the nutrient medium the bacterial and protozoal 
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cultures had cellulose digestion values 61 percent higher than 
corresponding bacterial cultures at 16 hours of fermentation. 
A number of non-protein nitrogen compounds can be utilized 
by rumen microorganisms (Hershberger et 1959). Wegner 
et al. (1940) first showed the conversion of urea to bacterial 
protein by rumen bacteria i^ vitro. Bentley et al. (1955) 
showed that mixed cultures of rumen bacteria grown on cellulose 
utilized urea as the sole source of nitrogen and measured an 
increase in bacterial protein. In later studies, it was noted 
that ammonia and bacterial protein accounted for only 50-70 
percent of the urea nitrogen added to the ^  vitro fermentation. 
This suggested that a large portion of the urea nitrogen was 
not converted to bacterial protein. Data from vitro Experi­
ment II indicated that when urea was used as nitrogen source in 
the nutrient medium, total, precipitable, non-protein and 
ammonia nitrogen content was higher in bacterial plus protozoal 
fermentations when compared with bacterial fermentations. The 
higher total nitrogen observed at 0 hours of incubation in 
bacterial plus protozoal fermentations probably was contributed 
by the washed protozoa added to bacterial fermentations. Total 
nitrogen concentrations changed little in bacterial and bac­
terial plus protozoal fermentations throughout a 22-hour fer­
mentation period, A decrease in precipitable nitrogen from 
0 to 12 hours in bacterial and bacterial plus protozoal fermen­
tations was accompanied by a corresponding increase in non­
protein nitrogen, principally in the form of ammonia. This 
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decrease in precipitable nitrogen was the same in bacterial and 
bacterial plus protozoal fermentations. An increase in ammonia 
nitrogen in bacterial plus protozoal fermentations from 12 to 
22 hours of fermentation as compared with bacterial fermenta­
tions indicates that protozoa were active on the urea substrate. 
An increase in precipitable nitrogen content in both bacterial 
and bacterial plus protozoal fermentations from 12 to 22 hours 
was accompanied by a decrease in non-protein nitrogen. This 
suggests a change from hydrolysis to synthesis of protein. On 
the other hand, it may be suggested that the rigors of labora­
tory manipulation caused the rumen bacteria to be in a station­
ary or lag growth stage. After 12 hours it would appear that 
this stage of bacterial growth had been altered to be more 
active. Winter et al. (1964) in a similar experiment also 
suggested that a lag of eight hours existed in bacterial fer­
mentations with urea as source of nitrogen in the nutrient 
medium. These workers also suggested that the fineness of 
grind of the cellulose used in the nutrient medium will influ­
ence the lag time in fermentations of this type. The Increase 
in precipitable nitrogen at the end of the 22-hour fermentation 
would Indicate that none of the nutrients in the growth medium 
were growth limiting, assuming that maximum growth was taking 
place. When soybean meal was used as nitrogen source in the 
nutrient medium, total, precipitable, non-protein and ammonia 
nitrogen content was again higher in bacterial plus protozoal 
fermentations at 0 hours of incubation. Precipitable nitrogen 
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decreased to 12 hours and then increased to 22 hours of incu­
bation in bacterial plus protozoal fermentations but precipi-
table nitrogen in bacterial fermentations decreased steadily 
from 0 to 22 hours of incubation. This amount of protein 
synthesized in bacterial plus protozoal fermentations appears 
at first sight to be relatively small. If, however, the con­
tents of the bovine rumen can be estimated conservatively at 
75 kg, this difference in precipitable nitrogen from 12 to 22 
hours of incubation of 4.7 mg nitrogen per 20 ml of fermenta­
tion mixture, which occurred in the study using soybean meal, 
is equivalent to the conversion of 42 grams of nitrogen to 262 
grams of protein in one day. Non-protein nitrogen content 
increased steadily from 0 to 22 hours in both bacterial and 
bacterial plus protozoal fermentations. 
The overall significance of results presented in Figures 
1 and 2 indicate that protozoa influence ^  vitro nitrogen 
utilization and the extent depends to some degree on the 
nitrogen source used. It appears that protozoa are more active 
in promoting synthesis of microbial protein and possibly 
shortening the bacterial lag phase when soybean meal rather 
than urea is used as the source of nitrogen. It would be 
interesting to measure viable bacteria and protozoa concen­
trations in conjunction with experiments of this nature to 
determine whether protozoa do contribute to shortening the 
bacterial lag phase as the present studies and the preliminary 
experiments reported by Yoder (19^5) suggest. 
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Little (i960) and Theurer (1962) reported that the dietary 
source of nitrogen in semi-purified rations could influence 
growth of lambs. These authors observed the most rapid growth 
in lambs fed soybean meal and the slowest growth in lambs fed 
rations with urea supplying most of the nitrogen. Lambs fed 
corn gluten meal generally grew at a rate somewhat intermediate 
to those fed soybean meal or urea. McDonald (1954) fed sheep a 
semi-purified ration in which the corn protein zein contributed 
94 percent of the nitrogen. Using a number of assumptions and 
the analyses of abomasal contents, McDonald was able to cal­
culate that only 40 to 50 percent of the zein was converted to 
microbial protein. When McDonald and Hall (1957) fed sheep a 
partially purified diet in which casein provided 87 percent of 
the nitrogen, at least 90 percent of the casein was degraded 
in the rumen and utilized for the synthesis of microbial 
protein. 
It is difficult to determine whether the influence of 
dietary source of nitrogen on growth is from effects within 
the rumen such as on the rumen microorganisms, from effects 
within the metabolism of the animal or from a combination of 
these two effects. In the present studies, the influence of 
rumen protozoa on nitrogen utilization was investigated using 
soybean meal, corn gluten meal, casein and zein in semi-
purified rations and two natural rations. From ^  vivo and 
in vitro studies reported in this dissertation it appears that 
influence of dietary source of nitrogen on growth in animals 
96 
could be partially from effects within the rumen. The results 
of digestion trials agreed in part with the work of Luther 
(1964), KLopfenstein et al. (i966) and Yoder (i965). Luther 
(1964) found no significant differences in digestibility that 
could be attributed to the presence or absence of rumen pro­
tozoa. When Yoder (i965) fed faunated and defaunated lambs 
natural rations no differences in digestion coefficients were 
found, which was in agreement with Becker and Everett (1930) 
and Luther (1964). Using semi-purified rations, Yoder found 
dry matter, cellulose digestion and protein digestion were 
slightly higher in faunated lambs, Abou Akkada (i965) and 
Klopfenstein et al. (i966) have also observed higher apparent 
digestion coefficients for protein in lambs harboring ciliate 
protozoa. Hutchinson (1958) has suggested, however, that fecal 
nitrogen is largely dependent upon dry matter intake and there­
fore nitrogen digestion is a meaningless term. 
In the present studies, dry matter intake was generally 
higher in faunated lambs fed semi-purified rations. Faunated 
lambs fed zein were observed to have higher digestion coeffi­
cients for cellulose and protein than comparable defaunated 
lambs. Dry matter digestion generally was not altered except 
when lambs were fed the soybean meal and zein supplemented 
semi-purified rations. In these two instances, dry matter 
digestion was 14.2 percent higher in faunated lambs fed soybean 
meal and 13.4 and 14.8 percent higher in faunated lambs fed the 
6.9 and 10.9 percent zein rations, respectively. No differences 
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in apparent digestion coefficients for dry matter or cellulose 
were observed in faunated and defaunated lambs fed natural 
rations. However, protein digestion was higher in defaunated 
lambs fed the corn and cob ration and faunated lambs fed the 
alfalfa hay ration. 
Ann is on et e^, (195^) and Chalmers et al. (I954) have 
surmised that proteins of low nitrogen solubility have higher 
values for ruminants than highly soluble nitrogen sources. 
These views are based primarily on data which indicate that 
highly soluble nitrogen sources are very rapidly converted to 
ammonia in the rumen, and ammonia nitrogen may be lost through 
ruminai absorption. However, the results of Belasco (1953)t 
Burroughs et al. (1950) and Johnson et al. (1944) indicate that 
a supply of readily available nitrogen is essential for optimum 
rumen microbial activity. Insoluble nitrogen sources are 
generally believed not to be readily available; whereby rumen 
function, particularly synthesis of high quality microbial pro­
tein, is curtailed. Little ^  al. (I963) found that some 
readily available nitrogen is beneficial to rumen function. 
These workers further suggest that the optimum form of nitrogen 
for rumen function may be a combination of a readily available 
supply of nitrogen and a nitrogen source that is slowly avail­
able. 
The somewhat reduced ruminai digestion in lambs fed the 
corn gluten meal ration might have been the result of a lack 
of available or soluble nitrogen. This requirement for readily 
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available nitrogen may explain the higher digestibility ob­
served in faunated animals receiving the zein supplemented 
rations. Protozoa may render this nitrogen material more sol­
uble and available to the bacteria for ruminai digestion. This 
may also explain why little difference in ration digestion was 
observed between faunated and defaunated lambs receiving the 
casein supplemented rations because of the ready availability 
of this material in the rumen. 
Masson (1950) investigated digestion of protozoal.protein 
and found that protozoa are very easily digested after leaving 
the rumen, Hungate {i966) presented evidence that protozoa 
are digested in the abomasum; other investigations also support 
this observation (Pounden and Hlbbs 1950)• The protozoa are 
digested by trypsin and pepsin (Baker 1943). In the omasum, 
the protozoa become inactive and start to disintegrate and the 
cuticles of the protozoa are seen in the abomasum (Hungate 
1966). The role of protozoa on digestion of nitrogenous mate­
rials Is not conclusive from these studies. Lambs harboring 
dilate protozoa consumed more feed; however, Lancaster (19^9) 
has established that the percentage of nitrogen in the feces 
of cattle and sheep was directly related to the amount of feed 
consumed. The explanation for this parallelism is not clear, 
nor is it known whether it relates to the rumen microorganisms. 
Some of the nitrogen In the feces could represent the indigest­
ible nitrogen of the microorganisms. The significantly higher 
viable bacteria concentrations in defaunated lambs could have 
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caused more indigestible nitrogen in the feces and thus lower 
protein digestion coefficients. This observation is supported 
by the fact that higher concentrations of viable bacteria in 
defaunated lambs fed the alfalfa hay ration appears to be corre­
lated with lower protein digestion coefficients. 
There were no differences in volatile fatty acid produc­
tion in faunated and defaunated lambs fed casein supplemented 
rations that could be attributed to differences in ration 
digestion. However, a lower acetate to propionate ratio in 
faunated lambs fed ration 5 (zein 6,9 percent) and higher total 
volatile fatty acid production in faunated lambs fed ration 6 
(zein 10.9 percent) could be related to higher digestibility 
coefficients for dry matter, cellulose and protein. This is 
important in view of the findings of El-Shazly (1952) that both 
straight and branched short-chain fatty acids were among the 
degradation products formed by rumen microorganisms from pro­
teins and amino acids. A possible relationship of El-Shazly's 
findings to the microbial stimulating action of volatile fatty 
acids is that certain amino acids, particularly valine and 
proline, stimulate cellulose digestion 1^ vitro. It could be 
postulated from the above finding that rumen protozoa break 
down zein protein more readily than rumen bacteria forming 
higher concentrations of volatile fatty acids which would in 
turn stimulate microbial cellulose digestion. This hypothesis 
is supported by higher protein and cellulose digestion and 
higher nitrogen retention in faunated lambs fed the zein rations. 
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It appears from these studies that availability of protein 
influences digestion of nutrients within the rumen. When 
animals fed the casein and zein rations were compared, the 
presence of protozoa influenced ration digestion in animals re­
ceiving the ration with the least soluble nitrogen source. 
Possibly protozoa ingest this rather insoluble material as they 
ingest bacteria. The protein material could then be broken 
down more easily and converted into a form more readily avail­
able to rumen bacteria or more easily digested in the lower 
tract. Manometry experiments with feed concentrates (linseed, 
soybean and cottonseed meals) suggest that non-bacterial pro­
tein may be a source of nitrogen for rumen protozoa (Williams 
et al. 1961). 
Higher nitrogen retention in faunated lambs resulted in 
part from higher nitrogen intake and higher nitrogen diges­
tion. Nitrogen intake when averaged for all experiments was 
9.2 percent higher In faunated lambs. The reasons for higher 
dry matter and nitrogen intake in faunated lambs observed in 
this study are not known. Possibly rate of passage was accel­
erated in lambs harboring ciliate protozoa. Since the type of 
feed and particle size can be controlled and the amount of 
saliva is influenced by the type and amount of feed, the chief 
uncontrolled factor influencing rate of passage is the amount 
of feed. This is determined by the appetite of the animal. 
Appetite thus becomes very important to the well-being of the 
ruminant animal. Control of appetite by a feedback mechanism 
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has been postulated by Adler and Dye (1957). Possibly a faster 
fermentation rate by faunated animals resulted in decreased 
retention time. The faster fermentation rate in the zebus 
correlated with a decreased retention time (Hungate et al» 
1959)• Increased body weight gains have been reported to cor­
relate to some eitent with faster turnover (Butler and Johns 
1961). Purser and Hoir (i966) found that rumen holctrichs 
protozoa concentrations were negatively associated with water 
consumption, and decreased oligotrich protozoa concentrations 
were associated with increased water consumption, propensity 
to eat and large rumen volumes. Fast eating animals exhibited 
above average rumen ammonia nitrogen concentrations while sheep 
with a small rumen volume utilized nitrogen more effectively. 
Those having a large rumen volume digested a greater proportion 
of ingested dry matter. 
The greatest difference in nitrogen retention between 
faunated and defaunated lambs in these studies occurred when 
ration 2 (corn gluten meal) and ration 5 (zein 6,9 percent) 
were fed. Previous work by McDonald (195^) and Poley (1965) 
have shown that these materials are only 4-0-50 percent avail­
able in the rumen, whereas casein is 90 percent available in 
the rumen (McDonald and Hall 1957). Pearson and Smith (19^ 3) 
state that insoluble proteins may pass through the rumen 
practically unaffected and are digested in the small intestines 
as in non-ruminant animals, whereas other more soluble forms of 
proteins may be more completely degraded as they pass through 
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the rumen. These workers found that when casein was in the 
rumen liquor, hydrolysis predominated. However, when Insoluble 
nitrogen sources were fed, protein synthesis occurred. Thus, 
the nutritional value of protein sources used in these studies 
may depend upon whether they promote synthesis or hydrolysis. 
It appears from the results of the studies conducted using 
casein and zein as nitrogen source that protozoa enhance the 
synthetic reactions occurring in the rumen when animals are 
fed the insoluble proteins and enhance hydrolytic reactions 
when more soluble proteins are fed. To further explore this 
relationship, fecal nitrogen excretion and urine nitrogen 
excretion were compared in all animals receiving the casein and 
zein rations. Significantly higher fecal nitrogen excretion 
was observed in animals receiving the zein rations as compared 
with animals receiving the casein rations. On the other hand, 
significantly higher urinary nitrogen excretion was observed in 
animals receiving the casein rations as compared with animals 
receiving the zein rations. Yet, when zein was fed as the sole 
source of nitrogen in semi-purified rations, faunated lambs had 
increased levels of nitrogen Intake and nitrogen retention. 
Defaunated lambs fed soybean meal were observed to have sig­
nificantly higher urinary nitrogen excretion when compared with 
faunated lambs. Nitrogen intake was essentially the same be­
tween these two groups of animals so it appears that even when 
the ration contains a nitrogen source which is readily avail­
able, protozoa still offer the animal a nutritional advantage. 
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Another action of protozoa could be to supply a highly 
digestible and nutritious microbial protein (McNaught et al. 
195^. Weller 1957) which acts as a supplement to the rumen 
bacteria and is readily digested and absorbed in the lower 
tract. However, Elliott and Topps (1963a) have found that 
nitrogen retention increased with the logarithm of nitrogen 
Intake. Protozoa may Increase nitrogen retention only In­
directly by establishing conditions in which the animal is 
rendered more capable of higher feed Intake. 
When the alfalfa hay ration was fed, higher concentra­
tions of rumen ammonia in faunated lambs reduced the nutri­
tional value of the ration. This reduction was also generally 
reflected in higher concentrations of blood urea nitrogen. 
However, the negative correlation between rumen ammonia con­
centration and nitrogen retention observed by Molr and Somers 
(1957) was not demonstrated in the present studies in which 
lambs were fed semi-purified rations. When semi-purified 
rations were fed, ammonia production in both faunated and 
defaunated lambs was not appreciably different. It is probable 
that Entodinlum caudatum. predominant in faunated animals re­
ceiving these rations, produced little ammonia as suggested by 
Abou Akkada and Howard (I962). Most of the ammonia was prob­
ably produced by bacteria, bacteria-protozoa symbiosis or an 
adaptive enzyme mechanism in protozoa due to the lowered viable 
bacteria concentration in faunated lambs. Another mechanism 
tending to mask any Increase in rumen ammonia production in 
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faunated lambs fed these rations would be the relatively high 
level of starch and soluble sugars. As Lewis (1957) suggests, 
a way to reduce rumen ammonia production and subsequent absorp­
tion across the rumen wall is to increase the rate of synthetic 
reactions by introducing a readily attacked carbohydrate source. 
In addition, Phillipson et al. (1959) observed that the de­
pression in concentration of ammonia nitrogen that occurs when 
a diet high in protein and starch is fed may be due, in part, 
to an increase in the concentration of bacteria that can 
assimilate ammonia nitrogen. The increased ammonia levels 
observed in faunated animals receiving the alfalfa hay ration 
may have been due to lack of sufficient soluble carbohydrate 
to utilize all the ammonia produced. 
Animals fed the zein supplemented semi-purified rations 
produced no detectable rumen ammonia. McDonald (1954) indi­
cated that zein is not a very satisfactory protein for use as 
the major fraction of the dietary protein. It is highly 
Insoluble in aqueous solutions and when a suspension is warmed 
to body temperature (39° C in the rumen) it forms a glutinous, 
fibrous mass, thus reducing the surface area for enzyme attack. 
In addition the protein lacks lysine and tryptophan and hence 
these amino acids have to be synthesized by the microorganisms. 
Animals fed ration 5 (zein 6.9 percent) also were much more 
dependent on the amino acid supply of the diet because of 
lowered rumen fermentation. Protozoa may act here to provide 
essential amino acids, and particularly lysine which is absent 
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in zein. The work of Klopfenstein et al. (1966) indicated 
that protozoa appear to enhance nutrient utilization when nitro­
gen Intake is limited relative to energy availability. Chris­
tiansen et aJ, (1965) has indicated that the major influence of 
protozoa was on volatile fatty acid production, but results 
presented in these studies indicate the influence of protozoa 
may be much broader. 
Plasma alpha amino nitrogen concentrations were increased 
in faunated lambs fed casein in semi-purified rations when the 
ration protein level was increased from 6.9 to 11,2 percent. 
This observation suggests increased proteolytic activity in 
the rumen of these animals with subsequent absorption of amino 
acids, either across the rumen wall or in the lower tract or 
both. This observation is not in agreement with observations 
made by Annison (1956). This worker found that alpha amino 
nitrogen levels in jugular blood were not altered in sheep by 
infusing casein hydrolysate into the rumen and concluded that 
amino acids are not absorbed across the rumen wall. In later 
work, Annison et al. (1959), it was observed that rumen alpha 
amino nitrogen concentrations were elevated when animals were 
changed from one diet to another containing a higher concentra­
tion of protein. 
The maximum rate of volatile fatty acid production 
occurred at four hours postfeeding in animals fed the casein 
and zein rations. Since the volatile fatty acids presumably 
are not metabolized further in the digestive tract but are 
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absorbed, and since the concentrations of volatile fatty acids 
in the abomasum are low, (Gray et al. 195^ t Phillipson and 
McAnally 1942) their total production should equal total 
absorption. Very little difference in levels of volatile fatty 
acids were observed between faunated and defaunated lambs re­
ceiving the low protein casein and zein supplemented rations. 
Concentration of volatile fatty acids was higher in defaunated 
lambs receiving the 11.2 percent casein supplemented ration 
and lowest in defaunated animals receiving the 10.9 percent 
zein supplemented ration. The narrower acetate to propionate 
ratios observed in faunated lambs fed the casein and zein 
supplemented rations were due to the lowering of acetate 
levels and raising of propionate levels. According to Shaw 
et al. (i960), decreased acetate to propionate ratios in 
steers resulted in increased gains, increased feed efficiency 
and an increase in the degree of unsaturation of body fat. 
Rumen pH was lowest at four hours as compared with 12 hours 
after feeding in both faunated and defaunated lambs fed casein 
and zein in semi-purified rations. The influence of protozoa 
on ruminai pH may have special significance. Howard (I963) 
found that lactic acid accounted for 50 percent of the sugar 
fermented by holotrich protozoa but only two percent with 
Entodinium caudatum. The presence of large numbers of the 
latter protozoan in the rumen, observed in these studies, 
coupled with its low production of lactic acid may prevent the 
large drop in ruminai pH following ingestion of starch feeds. 
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In addition, protozoa may store the starch for later digestion 
or slowly release it, which would also tend to smooth out 
fluctuations in pH. However, the absence of any significant 
difference in pH values between faunated and defaunated lambs 
suggests other mechanisms controlling pH level in the rumen 
following ingestion of starch rations. 
Urinary excretion of allantoin tended to be lower in 
faunated lambs fed semi-purified rations. Haw examination of 
data on allantoin excretion in lambs fed all rations indicated 
that excretion rates correlate well with rumen ammonia, blood 
urea and urinary urea nitrogen concentrations. This indicates 
that urinary allantoin concentrations in ruminants may be a 
suitable index of rumen microbial activity. This observation 
is further supported by the work of McDonald (195^ )• This 
worker proposed the estimation of microbial protein on the 
basis of analysis of purines in the nucleic acids that are 
present in the rumen microorganisms. With a diet free from 
nucleic acids the purine concentration in duodenal contents 
probably reflects the synthesis of microbial protein. Casein 
and zein supplemented rations used in these studies contained 
no purine materials and since urinary allantoin excretion is a 
good index of purine metabolism (Hawk et al, 195^ ) all of the 
urinary allantoin excreted by lambs fed these rations was 
either of endogenous or microbial origin, Blaxter and Wood 
(1951)t Lusk (1931) and Morris and Bay (1939) observed that 
starvation of man and the young calf without a functional rumen 
108 
had no significant influence on the excretion of purine mate­
rials. With ruminants, however, purine excretion falls con­
siderably and continuously throughout a fast. Furthermore, it 
has been shown by Blaxter (I96I) that rumen infusion of casein 
increased allantoin excretion, whereas abomasal infusion of 
the same quantity did not result in such an increase. This 
evidence suggests an exogenous source of purine excretion by 
the fed ruminant at least equal to that of endogenous origin. 
These observations are consistent with the conversion of 
dietary nitrogen to rumen microbial polynucleotides and their 
subsequent digestion in and absorption from the small intes­
tines, thereby providing an exogenous source of innutritious 
purines which are excreted. Ellis and Pfander (I965) suggested 
that microbial polynucleotide nitrogen represents an appre­
ciable portion of rumen microbial nitrogen and suggested that 
the conversion of dietary nitrogen to polynucleotides and their 
subsequent digestion and metabolism may explain several phenom­
ena related to ruminant nitrogen utilization. Such an intra-
ruminal conversion of dietary nitrogen to innutritious purine 
may also partially explain the higher nitrogen retention by 
faunated animals fed ration 4 (casein 11.2 percent). Purine 
levels in the urine of faunated lambs were 50 percent lower 
when compared with defaunated lambs receiving the same ration. 
Allantoin in the urine of faunated lambs receiving ration 5 
(zein 6.9 percent) was also lower (33 percent) than 
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corresponding defaunated lambs, while nitrogen retention was 
higher in faunated lambs. 
Allantoin to urinary urea nitrogen ratios were lower in 
faunated animals receiving both ration 4 (casein 11.2 percent) 
and ration 6 (zein 10.9 percent). Ratios were, however, higher 
in faunated animals receiving both ration 3 (casein 6.9 per­
cent) and ration 5 (zein 6,9 percent). The significance of 
these results is not clear but it does appear that a low excre­
tion rate of urinary allantoin coupled with a low excretion 
rate of urinary urea nitrogen would be consistent with better 
nitrogen utilization in the ruminant animal. In any event, 
data obtained from urinary allantoin excretion studies does 
indicate that concentrations are influenced by nitrogen source, 
ration protein level and the presence of protozoa and may be 
another criterion for assessing the nitrogen nutrition of the 
ruminant animal. 
The absence of rumen protozoa in lambs influenced concen­
trations of viable bacteria in these studies. The concentra­
tion of viable bacteria was generally much higher in defaunated 
than in faunated animals. This has been observed by a number 
of workers (Eadie and Hobson 1962, Klopfenstein et al. I966, 
Pounden and Hibbs 1950 and Yoder I965). This apparent steady 
state with respect to the amount of microbial protoplasm has 
also been observed by Warner (1964a). It is conceivable that 
differences observed in these studies with respect to differ­
ences in numbers and kinds of organisms are in part a result 
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of natural selection of organisms for specific purposes. For 
example, faunated and defaunated sheep were fed whole maize 
or potato starch grains; in defaunated animals high concentra­
tions of an enzyme capable of degrading these starch grains was 
found in rumen bacteria, but when entodinia were present, they, 
and not the bacteria, contained such an enzyme (Walker and Hope 
1964). However, this compensation is not perfect, as seen by 
the increased rumen microbial activity in faunated lambs fed 
some of the rations used in this study. The decreased bac­
terial population in faunated lambs demonstrated in the present 
study could also be due either to competition for nutrients or 
to utilization of the bacteria as food by the protozoa or to 
both mechanisms. Nevertheless, it may be that one reason why 
animals differ in productivity and the ability to digest nutri­
ents lies in differences in rumen microbial populations. 
Examination of Figure 3 indicates that protozoal numbers 
were not correlated with nitrogen retention. Examination of 
Figure 4 indicates that protozoa numbers were influenced by 
ration as well as time and animal differences. However, there 
are also many other factors influencing protozoa numbers in the 
rumen. Early experiments (Ferber 1928, Mowry and Becker 1930) 
showed that the concentration of protozoa in the rumen in­
creased when protein was added to the rumen. This was thought 
to be due to improved appetite and greater availability of 
food. The observations of these early workers have not been 
substantiated in the present studies in that higher levels of 
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ration protein did not always result in higher concentrations 
of rumen protozoa. 
Since there have been no detailed accounts of species in 
bacterial populations associated with these studies it is 
difficult to make inferences as to the interrelationship of 
protozoa and bacteria in ruminant animals and their response 
to changes in diet. Shifts in types of bacterial organisms 
were noted in faunated and defaunated animals when diets were 
changed, but further work needs to be done to determine 
whether the metabolism of nitrogenous material by faunated and 
defaunated lambs is comparable. In the present studies it was 
assumed that the bacterial population in faunated and defau­
nated lambs were of the same type. Possibly a different popu­
lation of bacterial organisms exist in either the faunated or 
defaunated lambs. The mixed rumen microbes in faunated lambs 
may conceivably have different enzyme concentrations and pat­
terns than in defaunated lambs. Luther (1964) observed flag­
ellate protozoa and populations of the "large" bacteria in 
protozoa-free lambs. The presence of flagellate protozoa was 
also observed in the rumen contents of defaunated lambs used 
in studies reported in this dissertation. These microbes may 
partially replace the activities of rumen protozoa in defau­
nated lambs. More work needs to be done on establishing the 
contribution, if any, these organisms make to rumen metab­
olism, Generally, from the enumeration studies it can be said 
that changes in diet are accompanied by alterations in the 
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microbial population and diets rich in fermented nutrients 
support greater total numbers. We cannot, however, divorce 
one group of rumen microorganisms from another and ascribe 
specific functions to any particular group. The host and the 
microbial population have adapted to the point of mutual 
dependence and neither succeeds in nature without the other. 
This does not necessarily apply to each individual kind of 
rumen microorganism. Not all individuals In a ruminant species 
contain Identical kinds of protozoa. It has been shown in 
these studies that protozoa can be removed without visibly 
damaging the host. The same would probably be observed if the 
ruminant could be déflorated of individual types of bacteria. 
The role of individual microbes in the complex can be identi­
fied but each organism is Interrelated in too many ways to per­
mit a simple definition of its relationship to the ruminant. 
Microbial Interrelationships are equally Important for the 
nutrition of the host and as far as the ruminant is concerned 
its relationship is to the total microbial population. Work 
shown in this dissertation has indicated a generally favorable 
influence of rumen protozoa on the nitrogen nutrition of the 
host animal. Although the possibility that the results may 
have been due to lack of certain rumen bacteria has to be 
considered. 
In conclusion this research has reemphaslzed what little 
we know of the complex interrelationships between bacteria and 
protozoa and their combined or separate Influences on the 
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nitrogen nutrition of the host animal. Protozoa appear to be 
necessary for maximum utilization of protein under most dietary 
conditions but the value of these organisms can be greatly 
altered in this regard by dietary changes and animal differ­
ences, It appears from these studies that the greatest benefit 
derived from protozoa on the nitrogen nutrition of the host 
animal is by increasing nitrogen intake and by increasing the 
nutritional value of partially soluble protein materials through 
synthetic reactions. These synthetic reactions would then 
result in a microbial protein material with a higher digesti­
bility and biological value than that of the corresponding 
bacterial protein. With proteins of higher biological value 
such as casein and soybean meal, protozoa appear also to offer 
some advantage. However, with an alfalfa hay ration, protozoa 
appeared to lower the nutritional value of the ration to the 
host animal through increased proteolysis. Finally, it is 
suggested that the absence of protozoa in ruminant animals 
results in increased numbers of rumen bacteria which have 
higher rates of rumen polynucleotide synthesis as well as cell 
wall material, both of which are unnutritious to the animal 
and thus offers the host a lower quality microbial protein to 
digest and assimilate. 
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SUMMARY 
The influence of protozoa on nitrogen metabolism in rumen 
fermentation was investigated by measuring jji vitro cellulose 
digestion and incorporation of nutrient medium nitrogen into 
protein and other nitrogenous compounds by washed suspensions 
of rumen bacteria and protozoa. Soybean meal, corn gluten 
meal, casein, zein, urea, bovine serum albumin and globulin 
were used as sources of nitrogen in vitro studies. Semi-
purified and natural rations containing soybean meal, corn 
gluten meal, casein and zein were fed to faunated and defau-
nated lambs used in digestibility and nitrogen balance experi­
ments to study the influence of protozoa on nitrogen utiliza­
tion by the host animal. Protozoal and viable bacterial 
enumeration studies were also conducted with the animal experi­
ments . 
The addition of washed settled protozoa to 3ji vitro 
bacterial cultures increased cellulose digestion and ammonia 
production when either soybean meal or urea were used as source 
of nitrogen in the nutrient medium. Ammonia production was 
higher but cellulose digestion was not increased in cultures 
containing bacteria plus protozoa when casein was used as the 
source of nitrogen in the nutrient medium. The addition of 
protozoa to an 3^  vitro culture of rumen bacteria increased 
total nitrogen, non-protein nitrogen and protein nitrogen frac­
tions in studies using either urea or soybean meal. No net 
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increase in protein nitrogen was observed during the 22-hour 
incubations used in these studies. 
Faunated lambs generally had higher digestibility co­
efficients when fed soybean meal and zein supplemented semi-
purified rations and an alfalfa hay ration as compared with 
defaunated animals. Dry matter intake was 9.2 percent higher 
in faunated lambs fed all rations used in this study. Nitrogen 
retention was generally higher in the faunated lambs fed semi-
purified rations and higher in the defaunated lambs fed natural 
rations. Most of the increased nitrogen retention in faunated 
lambs fed semi-purified rations appeared to be due to increased 
nitrogen Intake. Concentrations of ruminai ammonia were found 
to be similar, except when an alfalfa hay and a 11.2 percent 
casein ration were fed ruminai ammonia concentrations were 
higher in faunated animals. These higher ruminai ammonia 
levels were reflected in higher concentrations of plasma alpha 
amino nitrogen and blood urea nitrogen. Total urinary urea 
nitrogen excretion, however, was generally lower in faunated 
lambs. Allantoin concentrations in the urine of faunated lambs 
fed casein and zein tended to be lower than in defaunated lambs. 
No consistent differences in ruminai volatile acid con­
centrations were observed. Total volatile fatty acid concen­
tration was higher in faunated lambs fed a 10.9 percent zein 
ration but lower in faunated lambs fed a 11.2 percent casein 
supplemented semi-purified ration. Higher viable bacterial 
concentrations were observed in defaunated lambs fed 
lié 
semi-purified rations and an alfalfa hay ration. Considerable 
variation in protozoa numbers was observed in different animals 
and animals fed the different rations. Entodlnlum spp. was the 
predominant protozoa in the rumen contents of lambs fed semi-
purified and natural rations. No correlation was observed 
between concentration of protozoa and viable bacteria In fau-
nated lambs. 
117 
LITEHATUHE CITED 
Abou Akkada, A. R, I965. The metabolism of ciliate protozoa 
in relation to rumen function. In R. W. Dougherty, ed. 
Physiology of digestion in the ruminant, pp. 335-3^ 5* 
Butterworths, Washington, D.C, 
Abou Akkada, A. R. and T. H. Blackburn. I963. Some observa­
tions on the nitrogen metabolism of rumen proteolytic 
bacteria. J. Gen. Microbiol. 31:461-46$. 
Abou Akkada, A. R. and K. El-Shazly. 1964. Effect of absence 
of ciliate protozoa from the rumen on microbial activity 
and growth of lambs. Appl. Microbiol. 12:384-390. 
Abou Akkada, A. R. and K, El-Shazly. I965. Effect of presence 
or absence of rumen ciliate protozoa on some blood com­
ponents, nitrogen retention, and digestibility of food 
constituents in lambs. J. Agr. Sci. 64;251-255* 
Abou Akkada, A. R. and B. H. Howard. I962. The biochemistry 
of rumen protozoa. V. The nitrogen metabolism of 
Entodinium. Biochem. J. 82:313-320. 
Abdo, K. M., K. W. King and R. W. Engel. 1964. Protein 
quality of rumen microorganisms. J. Animal Sci. 23: 
734-736. 
Adler, J. H. and J. A. Dye, 1957. The special status of the 
rumen flora. Comparative aspects of digestive enzymes, 
their regulation and relation to indigestion. Cornell 
Vet. 47:506-514. 
Annison, E. F. 1956. Nitrogen metabolism in the sheep -
Protein digestion in the rumen. Biochem. J. 64:705-714. 
Annison, E. F., M. I, Chalmers, S. B. M. Marshall and R. L. M. 
Synge. 1954. Ruminai ammonia formation in relation to 
the protein requirement of sheep. III. Ruminai ammonia 
formation with various diets. J. Agr. Sci. 44:270-273* 
Annison, E. P., D. Lewis and D. B. Lindsay. 1959. The meta­
bolic changes which occur in sheep transferred to lush 
spring grass. J. Agr. Sci. 5304-41. 
Association of Official Agricultural Chemists. I96O. Offi­
cial methods of analysis. 9th ed. Association of 
Official Agricultural Chemists, Washington, D.C. 
lia 
Baker, P. 19^ 3. Direct microscopic observations upon the 
rumen populations of the ox. I. Qualitative character­
istics of the rumen population. Ann. Appl. Biol. 30: 
230-239. 
Becker, E. R. 1932. The present status of problems relating 
to the ciliates of ruminants and equidae. Quart. Review. 
Biol. 7Î282-297. 
Becker, E. R. and R. C. Everett. 1930, Comparative growths 
of normal and infusoria free lambs. Am. J. Hyg. 11; 
362-370. 
Belasco, I. J. 1953* The comparison of urea and protein 
meals as nitrogen sources for rumen microorganisms. 
(Abstract) J. Animal Sci. 12:907. 
Bentley, 0. G., R. R. Johnson, T. V. Hershberger, J. H. Cline 
and A. L. Moxon. 1955. Cellulolytic-factor activity of 
certain short-chain fatty acids for rumen microorganisms 
in vitro. J. Nutr. 57:389-400. 
Blackburn, T. H. 1962. Unpublished mimeographed paper pre­
sented at Sixth Conference Rumen Function, Chicago, 111. 
Original not available; cited in R. W. Dougherty, ed. 
Physiology of digestion in the ruminant, pp. 322-334. 
Butterworth Inc., Washington, D.C. I965 
Blackburn, T, H. and P. N. Hobson. 1960a. Proteolysis in the 
sheep rumen of whole and fractional rumen contents. 
J. Gen, Microbiol. 22:272-281. 
Blackburn, T. H. and P. N. Hobson. 1960b. Isolation of pro­
teolytic bacteria from sheep rumen. J, Gen, Microbiol, 
22:282-289. 
Blaxter, K, L. I96I, Energy utilization in the ruminant. 
In D. Lewis, ed. Digestive physiology and nutrition of 
the ruminant, pp. 183-197. Butterworths, London, 
England. 
Blaxter, K. L, and W. A. Wood. 1951. The nutrition of the 
young Ayrshire calf. 3. The metabolism of the calf 
during starvation and subsequent realimentation. 
Brit. J. Nutr. 5:29-55. 
Bryant, M. P. and I. M. Robinson. I96I. An improved non­
selective culture medium for ruminai bacteria and its use 
in determining diurnal variation in numbers of bacteria 
in the rumen. J. Dairy Sci. 44:1446-1456, 
119 
Bryant, M. P., I. M. Robinson and I, L. Lindahl. I96I. A note 
on the flora and fauna In the rumen of steers fed a feed-
lot bloat-provoking ration and the effect of penicillin. 
Appl. Microbiol. 9:511-515» 
Bryant, M. P. and N. Small, i960. Observations on the ruminai 
microorganisms of isolated and inoculated calves. 
J. Dairy Sci. 43:654-66?. 
Burroughs, W., J. Long, P. Gerlaugh and R. M. Bethke. 1950. 
Cellulose digestion by rumen microorganisms as influenced 
by cereal grains and protein-rich feeds commonly fed to 
cattle using an artificial rumen. J, Animal Sci, 9: 
523-530. 
Butler, G. W. and A. T. Johns. I96I. Some aspects of the 
chemical composition of pasture herbage in relation to 
animal production in New Zealand, J. Aus. Inst. Agr. Sci. 
27:123-133. 
Chalmers, M. I,, D. P. Cuthbertson and R. L. M. Synge. 195^ * 
Ruminai ammonia formation in relation to the protein 
requirement of sheep. I. Duodenal administration and 
heat processing as factors influencing fate of casein 
supplements. J. Agr. Sci. 44:254-262. 
Cheng, B. W., G. Hall and W. Burroughs. 1955' A method for 
the study of cellulose digestion by washed suspensions of 
rumen microorganisms. J. Dairy Sci. 38:1225-1230. 
Christiansen, W. C. I963. Nutrient and other environmental 
influences upon rumen protozoal growth and metabolism. 
Unpublished Ph.D. thesis. Library, Iowa State University 
of Science and Technology, Ames, Iowa. 
Christiansen, W. C., R. Kawashima and W. Burroughs. 1965. 
Influence of protozoa upon rumen acid production and live-
weight gains in lambs. J. Animal Sci. 24:730-734, 
Christiansen, W. C,, L, C. Quinn and W. Burroughs. I962. 
Multiple-tube laboratory technique for studying volatile 
fatty acid production by rumen protozoa. J. Animal Sci, 
21:706-710, 
Coleman, G. S. I963. Rumen protozoa. In Thirteenth Sym­
posium of the Society for General Microbiology, Symbiotic 
Associations, pp. 298-324. Cambridge University Press, 
Cambridge, Mass, 
120 
Coleman, G. S, 1964a. The metabolism of C^ -^glycine and C^ -^
bicarbonate by washed suspensions of the rumen dilate 
Entodinlum caudatum. J. Gen, Microbiol, 35^ 91-103» 
Coleman, G. S, 1964b. The metabolism of Escherichia coll and 
other bacteria by Entodinlum caudatum. J, Gen. Microbiol. 
37:209-223. 
Conrad, H. B., J. W, Hibbs, W. D. Pounden and T. S. Sutton. 
1950. The effect of rumen inoculations on the digesti­
bility of roughages in young dairy calves. J. Dairy Sci. 
33:585-592. 
Conway, E. I. 1950. Microdiffusion analysis and volumetric 
error. Crosby Lockwood and Son, Ltd., London, England. 
Crampton, B. W, and L. A, Maynard. 1938. The relation of 
cellulose and lignin content to the nutritive value of 
animal feed. J. Nutr. 15'383-395. 
Dogiel, V. A. 1927. Monographie der famille ophryoscolecldae. 
Tell 1. Arch. Protistenk. 59:1-288. 
Downes, A. M. I96I. On the amino acids essential for the 
tissues of the sheep. Aus. J. Biol. Sci, 14:254-259. 
Eadie, J. M. 1962a. The development of rumen populations in 
lambs and calves under various conditions of management, 
J. Gen, Microbiol. 29:563-578. 
Eadie, J. M. 1962b. Interrelationships between certain rumen 
dilate protozoa. J, Gen, Microbiol, 29:579-588. 
Eadie, J. M, and P. N. Hobson. I962. Effect of the presence 
or absence of rumen dilate protozoa on the total rumen 
bacterial count of lambs. Nature 193:503-505. 
Eadie, J. M., P. N. Hobson and S. 0. Mann. 1959. A relation­
ship between some bacteria, protozoa and diet in early 
weaned calves. Nature 183:624-625. 
Eadie, J. M., S. 0. Mann and A. E. Oxford, I956. A survey of 
physically active organic infusorlddal compounds and 
their soluble derivatives with special reference to their 
action on the rumen microbial system. J. Gen. Microbiol, 
14:122-133. 
Einszporn, T. I96I. Effect of proteins on population size of 
Entodinlum longinucleatum Dogiel in cultures. Acta 
ParasItol. Polon. 9:195-210. 
121 
Elliott, H, C. and J, H. Topps. 1963a, Nitrogen metabolism 
of African cattle fed diets with adequate energy, low-
protein content. Nature 197î668-670. 
Elliott, B. C. and J. H. Topps, 1963b. Studies of protein 
requirements of ruminants. 1. Nitrogen balance trials 
on two breeds of African cattle given diets adequate in 
energy and low in protein, Brit, J. Nutr, 17^ 539-5^ 7. 
Ellis, W. C. and W. H. Pfander. I965. Rumen microbial poly­
nucleotide synthesis and its possible role in ruminant 
nitrogen utilization. Nature 205:974-975. 
El-Shazly, K, 1952. Degradation of protein in the rumen of 
the sheep. 1, Some volatile fatty acids. Including 
branched-chain isomers, found vivo. Biochem. J. 5I: 
640-647, 
Fauconneau, M. I964. La digestion des ruminants. Ill, 
Biochimie du rumen. 3» Synthese des proteines au 
niveau du rumen. Annales de le Nutrition l'Alimentation 
18, Revues;86-97. 
Berber, K, E. I928. The number and weight of the infusoria 
in the rumen and their significance for protein formation 
in the ruminant. Z, Tierzuecht. Zuechtungsbiol. 12:31-63. 
Fina, L. R., E. E. Bartley and G. K, L, Underbjerg, I963. 
Chemistry and physiology of bloat, Kansas Agr, Expt. Sta. 
Progress Rpt. KC-27, 
Fisher, L. J,, S, L. Bunting and L, E, Rosenborg. I963. A 
modified ninhydrin colorimetric method for the determina­
tion of plasma alpha amino nitrogen. Clinical Chemistry 
9:573-581. 
Gilchrist, F. M, C. and A. Kistner. I962. Bacteria of the 
obine rumen. I. The decomposition of the population on 
a diet of poor teff hay, J. Agr. Sci. 59:77-83. 
Gill, J. W, and H. J. Vogel. I962. Lysine synthesis and 
phylogeny: biochemical evidence for a bacterial-type endo-
symbiote in the protozoan Herpetomonas (Strigonomas 
oncopelti.) Biochim. Biophys. Acta 56:200-201. 
Gray, F. V,, A. F, Pilgrim and R, A. Weller. 1954, Functions 
of the omasum in the stomach of the sheep. J. Exptl. 
Biol. 31:49-55. 
122 
Gutierrez, J. 1955. Experiments on the culture and physiology 
of holotrichs from the bovine rumen, Biochem. J. 60; 
516-521. 
Gutierrez, J. 1958. Observations on bacterial feeding by the 
rumen ciliate Isotricha prostoma, J, Protozoal. 5: 
122-126. 
Gutierrez, J. 1964. Physiology of the rumen protozoa. Agr. 
Sci. Review 2:31-34. 
Gutierrez, J. and R. E. Davis. 1959. Bacterial ingestion by 
the rumen ciliates Entodinium and Diplodinium. J, 
Protozool. 6:222-22^ 1 
Gutierrez, J. and R. E. Davis. I962. Culture and metabolism 
of the rumen ciliate Epidlnium ecaudatum (Crawley). 
Appl. Microbiol. 10:305-308. 
Hawk, P. B., B. L. Oser and W. H, Summerson. 1954. Practical 
physiological chemistry. 13th ed. McGraw-Hill Book Co., 
Inc., New York, N.Y. 
Heald, P. J. and A. E. Oxford. 1953. Fermentation of soluble 
sugars by anaerobic holotrich ciliate protozoa of the 
genera Isotricha and Dasytricha. Biochem. J. 53:506-512. 
Hershberger, T. V., 0. G. Bentley and A. L. Moxon. 1959. 
Availability of the nitrogen In some ammoniated products 
to bovine rumen microorganisms. J. Animal Sci. 18: 
663-670. 
Hibbs, J. W,, H. R. Conrad and W. D. Pounden. 1952. Changes 
in the blood sugar level and volatile fatty acid content 
of the rumen juice in calves raised on the high roughage 
system. (Abstract) J. Animal Sci. 11:764. 
Holler, H. and J. Harmeyer. 1964. Der Stlckstoff-und 
Amlnosaureigehalt von Pansenprotozoan (Nitrogen and amino 
acid content of rumen protozoa). Zentralblatt fur 
Veterlnarmedlzin. Relhe A. 11:244-252. 
Holler, H., J. Harmeyer and W. V. Engelhardt. I963. The 
incorporation of cl4 into the amino acids of bacteria and 
protozoal protein in the rumen of a goat after Intra-
ruminal administration of sodium carbonate containing 
cl4, Zentralblatt fur Veterlnarmedlzin. Relhe A. 10: 
713-722. 
Howard, B. H. I963. Metabolism of carbohydrates by rumen 
protozoa. Biochem. J. 89:89p. 
123 
Hungate, E. E, 1955* MutualIstic intestinal protozoa. In 
S. H. Hunter and A. Lwoff, ed. Biochemistry and physi­
ology of protozoa. Vol. 2. pp. 159-200. Academic Press, 
Inc., New York, N.Y. 
Eungate, R. E. 1960a. Factors influencing the rumen protozoa. 
In L. A. Stauber, ed. Host influence on parasite physi­
ology. pp. 24-40. Rutgers University Press, New 
Brunswick, N.J. 
Hungate, E. E. 1960b. Microbial ecology of the rumen. 
Bacterid. Rev. 24:353-364. 
Hungate, R. S. I963. Symbiotic associations; The rumen bac­
teria. In Thirteenth Symposium of the Society for 
General Microbiology, Symbiotic Associations, pp. 266-
297. Cambridge University Press, Cambridge, Mass. 
Hungate, R. E. I966. The rumen and its microbes. Academic 
Press., New York and London. 
Hungate, R. E., G. D. Phillips, A. McGregor, D, P. Hungate and 
H. K. Buechner. 1959. Microbial fermentations in certain 
mammals. Science 130:1192-1194. 
Hutchinson, K. J, 1958. Factors governing faecal nitrogen 
wastage in sheep. Aus. J. Agr. Res. 9:508-520. 
Johnson, B. C., T. S. Hamilton, W. B. Robinson and J. C. Garey. 
1944. On the mechanism of non-protein nitrogen utiliza­
tion by ruminants. J. Animal Sci. 3:287-298. 
Kandatsu, M. and N. Takahashi. 1963a. Studies on reticulo-
rumen digestion. XXI. Nitrogen metabolism of infusoria. 
I. Transformation of nitrogen compounds by infusoria in 
the rumen liquor. Jap. J. Zootech. Sci. 34:143-147. 
Kandatsu, M. and N. Takahashi. 1963b. Studies on reticulo-
rumen digestion. XXIII. Nitrogen metabolism of 
infusoria. 3. Protein metabolism. Jap. J. Zootech, Sci. 
34:148-155. 
Kistner, A., L. Gouws and F. M. C. Gilchrist. 1962. Bacteria 
of the ovine rumen. II. The functional groups fermenting 
carbohydrates and lactate on a diet of lucerne (Medicago 
sativa) hay. J. Agr. Sci. 59:85-91. 
Klopfenstein, T. J., D. B. Purser and W. J. Tyznik. I966. 
Effects of defaunation on feed digestibility, rumen metab­
olism and blood metabolites. J. Animal Sci. 25:765-773. 
124 
Lancaster, R. J. 1949. The measurement of feed intake by 
grazing cattle and sheep. I. A method of calculating the 
digestibility of pasture based on the nitrogen content of 
faeces derived from pasture. New Zealand J. Sci. Tech. 
31 A (1);31-38. 
Lewis, D. 1957* Blood-urea concentration in relation to 
protein utilization in ruminants. J, Agr. Sci. 48: 
438-446. 
Lewis, D. 1961. The fate of nitrogenous compounds in the 
rumen. In D. Lewis, ed. Digestive physiology and nutri­
tion of the ruminant, pp. 127-139* Butterworths, London, 
England. 
Little, C. 0. i960. Significance of food protein fractions in 
ruminant nutrition. Unpublished Ph.D. thesis. Library, 
Iowa State University of Science and Technology, Ames, 
Iowa. 
Little, C. 0., Wise Burroughs and Walter Woods. I963. Nutri­
tional significance of soluble nitrogen in dietary pro­
teins for ruminants. J. Animal Sci. 22:358-363. 
Lubinsky, G. 1957* Note on the phylogenetic significance of 
predatory habits in the ophryoscolecidae (Ciliate: 
Oligotricha). Can. J. Zool. 35:579-580. 
Lusk, G. 1931. Science of nutrition. 4th ed. W. B. Saunders 
Co., Philadelphia, Pa. 
Luther, R. M. 1964. The influence of ration preparation and 
level of concentrate upon rumen protozoa and volatile 
fatty acid production in sheep. Unpublished Ph.D. thesis. 
Library, Iowa State University of Science and Technology, 
Ames, Iowa, 
Luther, Richard, Allen Trenkle and Wise Burroughs. I966. 
Influence of rumen protozoa on volatile acid production 
and ration digestibility In lambs. J. Animal Sci. 25: 
1116-1122. 
Mah, R. A. 1964. Factors influencing the ^  vitro culture of 
rumen ciliate Ophryoscolex purkynei Stein. J. Protozoal. 
11:546-552. 
Mangold, E. 1933* Die infusoria des pansens und ihr bedeutung 
fur die ernahrung der wiederkauer. Bledermanns Zentr. 
Agr. Chem. Abstr. A. N, S. 3:161-18?. 
125 
Masson, M. 1950• Microscopic studies of the alimentary 
microorganisms of the sheep. Brit. J. Kutr. 4:Tlli-lz. 
McCandless, E. L. and J. A. Dye, 1950. Physiological changes 
in intermediary metabolism of various species of ruminants 
incident to functional development of the rumen. Am. J. 
Physiol. 162:434-446. 
McDonald, I. W. 1948. The absorption of ammonia from the 
rumen of the sheep. Biochem. J. 42:584-58?. 
McDonald, I. W. 1954. The extent of conversion of food pro­
tein to microbial protein in the rumen of the sheep. 
Biochem. J. 56:120-125. 
McDonald, I. W. and B. J. Hall. 1957. The conversion of 
casein into microbial proteins in the rumen, Biochem, J. 
67:400-405. 
McNaught, M, L., J. A. B. Smith, K. M. Henry and S, K, Kon, 
1950, The utilization of non-protein nitrogen in the 
bovine rumen. V, The isolation and nutritive value of 
a preparation of dried rumen bacteria. Biochem. J. 
46:32-36. 
McNaught, M. L., E. C. Owens, K. M. Henry and S. £. Kon. 1954. 
The utilization of non-protein nitrogen in the bovine 
rumen. VIII. The nutritive value of the proteins of 
preparations of dried rumen bacteria, rumen protozoa and 
brewer's yeast for rats. Biochem. J. 56:151-156. 
Moir, B. J. and M. A. Somers. 1956. A factor influencing the 
protozoal population in sheep. Nature 178:1472. 
Moir, B. J. and M. A. Somers. 1957' Huminal flora studies, 
8. The influence of rate and method of feeding a ration 
upon its digestibility, upon rumen function and upon the 
ruminai population. Aus. J. Agr, Bes. 8:253-265. 
Morris, S. and S, C. Bay, 1939• The fasting metabolism of 
ruminants. Biochem. J. 33:1217-1230, 
Mowry, H, A, and E, B, Becker, 1930. Experiments on the 
biology of infusoria inhabiting the rumen of goats, Iowa 
State College J, Sol, 5:35-60, 
Ndumbe, B, D,, K, V, Buncie and P, McDonald. 1964, The effect 
of early weaning on the blood sugar and rumen acid levels 
of the growing calf. Brit. J. Nutr. 18:29-38. 
126 
0brink, K. J. 1955* A modified Conway unit for microdiffusion 
analysis, Biochem. J. 59;13^ -136. 
Oxford, A. E. 1955a. The bacteriology and protozoology of 
ruminant digestion. J. Sci, Food Agr, 6:413-418. 
Oxford, A. E. 1955b. The rumen ciliate protozoa; their 
chemical composition, metabolism, requirments for main­
tenance and culture, and physiological significance for 
the host. Exptl. Parasitol, 4:569-605. 
Oxford, A. E. 1958. Bloat in cattle. IX. Some observations 
on the culture of the cattle rumen ciliate Epidinium 
ecaudatum Crawley occurring in quantity in cows fed on 
red clover. New Zealand J. Agr. Res. 1:809-824. 
Pearson, R. M. and J. A. B. Smith. 1943. The utilization of 
urea in the bovine rumen. III. The synthesis and break­
down of protein in rumen ingesta. Biochem. J. 37$153-164. 
Phillipson, A. T., M. J. Dobson and T. H. Blackburn. 1959» 
Assimilation of ammonia nitrogen by rumen bacteria. 
Nature 183:402-404. 
Phillipson, A. T., M. J. Dobson, T. H. Blackburn and M. Brown. 
1962. The assimilation of ammonia nitrogen by bacteria 
of the rumen of sheep. Brit. J. Nutr. 16:151-166. 
Phillipson, A. T. and R. A. McAnally. 1942. Studies on the 
fate of carbohydrates in the rumen of sheep. J. Exptl, 
Biol. 19:199-214. 
Foley, G. E. I965. Influence of dietary nitrogen sources on 
amino acids in plasma and abomasal ingesta from sheep. 
Unpublished Ph.D. thesis. Library, Iowa State University 
of Science and Technology, Ames, Iowa. 
Portugal, A. V. 1963. Some aspects of amino acid and protein 
metabolism In the rumen of the sheep. Unpublished Ph.D. 
thesis. Library, Aberdeen University, Aberdeen, Scotland. 
Original not available; cited in R. E. Hungate. The rumen 
and its microbes. Academic Press., New York, N.Y. 1966. 
Pounden, W. D. and J. W. Hibbs. 1950. The development of 
calves raised without protozoa and certain other charac­
teristic rumen microorganisms. J. Dairy Sci. 33:639-644. 
Purser, D. B. I96I. A diurnal cycle for holotrich protozoa 
of the rumen. Nature 190:831-832. 
j.2y 
Purser, D. B. and J. H. Cline. I962. The effect of various 
energy and nitrogen sources on rumen protozoal activity 
in vivo. Fed. Proc. 21:396. 
Purser, D. B, and B. J. Moir. 1959* Euminal flora studies in 
the sheep. Aus. J. Agr. Ses. 10:555-56^ • 
Purser, D. B. and E. J. Moir. I966. Variations in rumen 
volume and associated effects as factors influencing 
metabolism and protozoa concentrations in the rumen of 
sheep. J, Animal Sci. 25:516-520. 
Putman, P. A., J. Gutierrez and B. E. Davis. I96I. Effects 
of frequency of feeding upon rumen volatile acids, pro­
tozoal populations and weight gains in Angus heifer 
calves. J, Dairy Sci. 44:1364-1365. 
Quinn, L. Ï., W. Burroughs and W. C. Christiansen. I962. 
Continuous culture of ruminai microorganisms in chemi­
cally defined medium. II. Culture medium studies. 
Appl. Microbiol. 10:583-592. 
Baun, N. S. and W. Burroughs. I962. Suction strainer tech­
nique in obtaining rumen fluid samples from intact lambs. 
J. Animal Sci. 21:454-45?. 
Seed, B. M,, B. J. Moir and E. J. Underwood. 1949. Buminal 
flora studies in the sheep. I. The nutritive value of 
rumen bacterial protein. J. Sci. Bes. 82:304-31?. 
Bust, J, W. 1963. Effects of supplemental dietary enzymes 
on utilization of nutrients by calves. Unpublished Ph.D. 
thesis. Library, Iowa State University of Science and 
Technology. Ames, Iowa. 
Sander, E. G., B. G. Warner, H. N. Harrison and J. K. Loosli. 
1959. The stimulatory effect of sodium butyrate and 
sodium propionate on the development of rumen mucosa in 
the young calf. J. Dairy Sci, 42:l600-l605. 
Shaw, J. C., W. L. Ensor, H. F. Tellechev and S. D. Lee. 
1960. Belation of diet to rumen volatile fatty acids, 
digestibility, efficiency of gain and degree of unsatura-
tion of body fat in steers. J. Nutr. 71:203-208. 
Sym, E. A. 1938. Hydrolasenwirkung des blinksckinhaltes des 
pferdes und panseninhaltes des rindes. I. Teil. Ein-
leitung, allgameine methoden und proteolytische wirkungen. 
Acta Biol, Exptl. (Varsovie) 12:192-210. 
128 
Theurer, C, B. 1962. Influence of protein sources on per­
formance and plasma amino acid patterns of ruminants. 
Unpublished Ph.D. thesis. Library, Iowa State University 
of Science and Technology, Ames, Iowa. 
Usuelli, F. and P. Fiorini. 1938. Esperienze sul valore 
alimentare della fauna protozoaria del rumine nella 
dressenze. Bollettino Sacieja Italiana di Biologia 
Sperimenjale 13:11-14. 
Varner, J. W., W. A. Bulen, S. Vanecko and R. C. Burrell. 
1953• Determination of ammonium, amide, nitrite and 
nitrate nitrogen in plant extracts. Anal. Chem. 25s 
1528-1535. 
Vridnik, F. I. I96I, Nauk. Pratsi, Ukr. Akad. Sil's kogos-
podar. Nauk 14:29-32. Original not available; cited in 
R. E. Hungate. The rumen and its microbes. Academic 
Press., New York, N.Ï. I966. 
Walker, G. J, and P. M. Hope. I964. Degradation of starch 
granules by some amylolytic bacteria from the rumen of 
sheep. Biochem. J. 90:398-408. 
Warner, A. C. I. 1956. Proteolysis of rumen microorganisms, 
J. Gen. Microbiol. 14:749-762. 
Warner, A. C. I. 1962a. Enumeration of rumen microorganisms. 
J. Gen. Microbiol. 28:119-128. 
Warner, A. C. I. 1962b. Some factors influencing the rumen 
microbial population. J. Gen, Microbiol. 28:129-146. 
Warner, A. C. I. 1964a. Factors influencing numbers and kinds 
of microorganisms in the rumen. In R. W. Dougherty, ed. 
Physiology of digestion in the ruminant, pp. 346-359» 
Butterworth Inc., Washington, D.C. 
Wegner, M. I,, A. N. Booth, G. Bohstedt and E. B. Hart. 1940. 
The ^  vitro conversion of inorganic nitrogen to protein 
by microorganisms from the cow's rumen. J, Dairy Sci. 
23:1123-1129. 
Weller, R. A. 1957- The amino acid composition of hydrol-
ysates of microbial preparations from the rumen of sheep. 
Aus, J. Biol. Sci. 10:384-389. 
Weller, R. A., F. V. Gray and A. F. Pilgrim. 1958. The con­
version of plant nitrogen to microbial nitrogen in the 
rumen of the sheep, Brit. J. Nutr. 12:421-429. 
129 
Williams, P. P., R. E. Davis, E, N. Doetsch and J. Gutierrez. 
1961. Physiological studies of the rumen protozoan 
Ophyroscolex caudatus (Eberlein). Appl. Microbiol. 9: 
405-409. 
Winter, K, A., R. R. Johnson and B, A, Dehority, 1964. 
Metabolism of urea nitrogen by mized cultures of rumen 
bacteria grown on cellulose. J. Dairy Sci. 4?:793-797• 
Yoder, R. D. 19^ 5» Interrelationships between protozoa and 
bacteria in rumen fermentation. Unpublished Ph.D. thesis. 
Library, Iowa State University of Science and Technology. 
Ames, Iowa. 
Yoder, R. D., Allen Trenkle and Wise Burroughs. I966. Influ­
ence of rumen protozoa and bacteria upon cellulose 
digestion 1^  vitro. J. Animal Sci. 25:609-612. 
Young, E. G. and C. F. Conway. 1942. On the estimation of 
allantoln by the Rimini-Schryver reaction. J. Biol. 
Chem. 142:839-853. 
130 
ACKNOWLEDGMENTS 
The author wishes to express his sincere appreciation to 
Dr. Allen Trenkle and Dr. Wise Burroughs for making this work 
possible. The counsel and assistance of Dr. Allen Trenkle 
during the course of this study was invaluable and contributed 
much to the successful completion of this work. Appreciation 
is also extended to Dr. Loyd Quinn /or his advice and guidance 
during parts of the research and preparation of the manuscript. 
The encouragement given to me by Dr. David Griffith and 
Dr. Donald Graves was also much appreciated. 
The author is deeply grateful to his wife, Delores; his 
two sons, Bruce and Brian; and his two daughters, Mary Anne 
and Barbara Anne for tl:3ir patience during the course of the 
graduate study. 
131 
APPENDIX 
132 
Analysis of Variance Tables 
Table 24. Analysis of variance of the effect of adding pro 
tozoa and urea to nutrient medium upon ^  vitro 
cellulose digestion 
Source of variation d.f. Mean square 
Total 15 
Replications 3 96.13 
Protozoa 1 482.24 
Error (a) 3 17.46 
Sampling 1 3799.48 
Sampling x protozoa 1 136.66 
Error (b) 6 66.71 
Table 25. Analysis of variance of the effect of adding pro­
tozoa and soybean oil meal to nutrient medium 
upon in vitro cellulose digestion 
Source of variation d.f. Mean square 
Total 23 
Replications 5 1115.87 
Protozoa 1 1814.30 
Error (a) 5 164.25 
Sampling 1 1830.68 
Sampling x protozoa 1 619.86 
Error (b) 10 68.87 
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Table 26, Analysis of variance of the effect of adding pro­
tozoa and casein to nutrient medium upon jji vitro 
cellulose digestion 
Source of variation d.f. Mean square 
Total 23 
Replications 5 27.56 
Protozoa 1 0.05 
Error (a) 5 12.56 
Sampling 1 1669.00 
Sampling x protozoa 1 1.30 
Error (b) 10 34,69 
Table 2?. Analysis of variance of the effect of adding pro 
tozoa and urea to nutrient medium upon in vitro 
ammonia production 
Source of variation d.f. Mean square 
Total 23 
Replications 3 75.98 
Protozoa 1 219.62 
Error (a) 3 73.24 
Sampling 2 225.28 
Sampling i protozoa 2 69.52 
Error (b) 12 71.88 
13% 
Table 28» Analysis of variance of the effect of adding pro­
tozoa and soybean oil meal to nutrient medium upon 
in vitro ammonia production 
Source of variation d.f. Mean square 
Total 35 
Replications 5 201.81 
Protozoa 1 683.47 
Error (a) 5 46.80 
Sampling 2 343.60 
Sampling z protozoa 2 34,41 
Error (b) 20 34.98 
Table 29, Analysis of variance of the effect of adding pro­
tozoa and casein to nutrient medium upon jtn vitro 
ammonia production 
Source of variation d.f. Mean square 
Total 35 
Replications 5 105.61 
Protozoa 1 266.23 
Error (a) 5 72.48 
Sampling 2 512,03 
Sampling x protozoa 2 28.93 
Error (b) 20 26.11 
Table 30. Analysis of variance of the Influence of adding urea and protozoa to 
nutrient medium vitro upon total nitrogen, preclpltable nitrogen, 
non-protein nitrogen and ammonia nitrogen over time 
Mean square 
Total Non-protein Preclpltable Ammonia 
Source of variation d.f. nitrogen nitrogen nitrogen nitrogen 
Total 15 
Protozoa (A) 1 142.57 16.21 36.91 32.69 
Time (B) 3 1.54 3.75 4.30 2026.69 
A X B 3 0.21 1.20 1.40 26.67 
Remainder 8 0.00 0.59 1.28 5.51 
Table 31. Analysis of variance of the influence of adding soy bean meal and pro­
tozoa to nutrient medium ^  vitro upon total nitrogen, non-protein 
nitrogen, precipitable nitrogen and ammonia nitrogen over time 
Mean square 
Total Non-protein Precipitable Ammonia 
Source of variation d.f. nitrogen nitrogen nitrogen nitrogen 
Total 11 
Protozoa (A) 1 27.00 15.42 4.90 572.30 
Time (B) 2 0.50 26.73 35.20 595.40 
A X B 2 19.50 0.70 10.15 88.62 
Remainder 6 11.60 0.13 0.63 3.49 
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Table 32. Analysis of variance of the influence of defauna 
tion on dry matter intake in lambs receiving a 
semi-purified ration with soybean oil meal and 
corn gluten meal as nitrogen sources 
Source of variation d.f. Mean square 
Total 15 
Defaunation (A) 1 2946.00 
Nitrogen source (B) 1 4595.00 
A X B 1 4791.00 
Remainder 12 702.00 
Table 33. Analysis of variance of the influence of defauna-
tion on dry matter Intake in lambs receiving a 
6.1 percent protein corn and cob ration 
Source of variation d.f. Mean square 
Total 
Defaunation 
Remainder 
14 
1 
13 
1162.00 
869.00 
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Table 34. Analysis of variance of the influence of defauna-
tion on dry matter intake in lambs receiving a 
11.2 percent protein corn and alfalfa ration 
Source of variation d.f. Mean square 
Total 12 
Defaunation 1 796.00 
Remainder 11 326.00 
Table 35» Analysis of variance of the influence of defauna­
tion and level of protein on dry matter intake in 
lambs receiving casein and zein as nitrogen source 
in semi-purified rations 
Source of variation d.f. Mean square 
Total 31 
Defaunation (A) 1 4454.00 
Protein level (B) 1 5467.00 
Nitrogen source (C) 1 15327.00 
A X B 1 328.00 
A X C 1 353.00 
B X C 1 599.00 
A X B X C 1 1616.00 
Remainder 24 1034.00 
Table 36, Analysis of variance of the digestibility by faunated and defaunated 
lambs of semi-purified rations containing soybean meal and corn gluten 
meal as nitrogen source 
Mean square 
Source of variation d.f. Dry matter Cellulose Protein 
Total 15 
Defaunation (A) 1 117.54 249.94 20.05 
Nitrogen source (B) 1 18.27 ' 198.01 256.04 
A X B 1 121.41 537.89 6.97 
Remainder 12 23.13 106.66 24.65 
Table 37. Analysis of variance of the digestibility of a 6.1 percent protein 
corn and cob ration by faunated and defaunated lambs 
Mean square 
Source of variation d.f. Dry matter Cellulose Protein 
Total 15 
Defaunation 1 17.25 124.48 186.52 
Remainder 14 18.28 59.84 31.27 
Table 38. Analysis of variance of the digestibility of a 11.3 percent protein 
corn and alfalfa ration by faunated and defaunated lambs 
Mean square 
Source of variation d.f. Dry matter Cellulose Protein 
Total 12 
Defaunation 1 5*9^  0.99 55«9^  
Remainder 11 1.83 5*46 5*93 
Table 39. Analysis of variance of the influence of defaunation on dry matter, 
cellulose and protein digestibility in lambs receiving two levels of 
casein and zein as nitrogen source in semi-purified rations 
Mean square 
Source of variation d.f. Dry matter Cellulose Protein 
Total 31 
Defaunation (A) 1 383.37 764.13 162.90 
Protein level (B) 1 25.49 334.95 1808.41 
Nitrogen source (C) 1 497.54 1826.04 4749.71 
A X B 1 5*66 1.16 17.91 
A X C 1 45.98 177.99 163.26 
B X C 1 0
 
0
 
H
 
7.42 17.46 
A X B X C 1 0.66 192.81 117.73 
Remainder 24 34.69 132.42 58.22 
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Table 40. Analysis of variance of the influence of defauna-
tion on daily nitrogen intake in lambs receiving 
corn gluten meal and zein as nitrogen source in 
semi-purified rations 
Mean square 
Source of variation d.f. CGM ration 6.39# zein ration 
Total 7 
Defaunation 1 35.69 10.03 
Remainder 6 3.8? 1.57 
Table 41. Analysis of variance of the influence of defauna 
tion on nitrogen retention in lambs receiving 
semi-purified rations 
Source of 
variation 
Mean square 
d.f. Ration 1 2 5 6 7 8 
Total 7 1.50 16.87 0.02 0.76 1.19 0.38 
Defaunation 1 0.35 1.96 0.26 1.00 0.34 0.68 
Table 42. Analysis of variance of the daily excretion of total nitrogen, urea 
nitrogen and allantoin in the urine of faunated and defaunated lambs 
receiving semi-purified rations containing soybean meal and corn 
gluten meal as nitrogen source 
Mean square 
Source of variation d.f. Total nitrogen Urea nitrogen Allantoin 
Total 15 
Defaunatlon (A) 1 0.98 2.11 120.00 
Nitrogen source (B) 1 4.52 6.24 1593.00 
A X B 1 2.60 0.92 506.00 
Rema index* 12 1.33 3.55 1179.00 
Table 43. Analysis of variance of the daily excretion of total nitrogen, urea 
nitrogen and allantoin in the urine of faunated and defaunated lambs 
receiving a 6.1 percent protein corn and cob ration 
Mean square 
Source of variation d.f. Total nitrogen Urea nitrogen Allantoin 
Total 14 
Defaunatlon 1 0.43 0.31 0.20 
Remainder 13 0.40 0.25 1576.00 
Table 44. Analysis of variance of the dally excretion of total nitrogen, urea 
nitrogen and allantoin in the urine of faunated and defaunated lambs 
receiving a 11.2 percent protein corn and alfalfa ration 
Mean square 
Source of variation d.f. Total nitrogen Urea nitrogen Allantoin 
Total 12 
Defaunation 1 8.68 12.56 7316.00 
Remainder 11 0.4? 3.98 2730.00 
Table 45. Analysis of variance of the influence of defaunation on daily excre­
tion of total nitrogen, urea nitrogen and allantoin in the urine of 
lambs receiving semi-purified rations containing two levels of casein 
and zein as nitrogen source 
Mean square 
Source of variation d.f. Total nitrogen Urea nitrogen Allantoin 
Total 31 
Defaunation (A) 1 0.67 0.07 8418.00 
Protein level (B) 1 30.03 9.23 1316.00 
Nitrogen source (C) 1 38.15 5.14 8481.00 
A X B 1 1.60 0.14 4350.00 
A X C 1 0.57 0.51 3529.00 
B X C 1 13.75 3.13 5.26 
A X B X C • 1 0.14 1.14 6958.00 
Remainder 24 0.94 0.22 3438.00 
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Table 46. Analysis of variance of the influence of defauna-
tion on daily fecal nitrogen excretion in lambs 
receiving semi-purified rations with soybean meal 
and corn gluten meal as nitrogen source 
Source of variation d.f. Mean square 
Total 15 
Defaunation (A) 1 0.35 
Nitrogen source (B) 1 7.41 
A X B 1 0.34 
Remainder 12 0.90 
Table 4?, Analysis of variance of the influence of defauna­
tion on daily fecal nitrogen excretion in lambs 
receiving a 6.1 percent protein corn and cob 
ration 
Source of variation d.f. Mean square 
Total 14 
Defaunation 1 1.59 
Remainder 13 1.58 
m 
Table 48. Analysis of variance of the influence of defauna-
tion on daily fecal nitrogen excretion in lambs 
receiving a 11,2 percent protein corn and alfalfa 
ration 
Source of variation d.f. Mean square 
Total 12 
Defaunation 1 0.34 
Remainder 11 0.16 
Table 49. Analysis of variance of the influence of defauna-
tion on daily fecal nitrogen excretion in lambs 
receiving two levels of casein and zein as nitro­
gen source in semi-purified rations 
Source of variation d.f. Mean square 
Total 31 
Defaunation (A) 1 1.62 
Protein level (B) 1 3.26 
Nitrogen source (C) 1 30.38 
A X B 1 0.4? 
A X C 1 0.09 
B X C 1 7.12 
A X B X C 1 0.02 
Remainder 24 1.04 
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Table ^ 0. Analysis of variance of the influence of defauna-
tion and ration on viable bacteria concentrations 
in lambs fed semi-purified rations with soybean meal 
and corn gluten meal as nitrogen source, a corn and 
cob ration and an alfalfa hay ration 
Source of variation d.f. Mean square 
Total 23 
Defaunation (A) 1 15065.8 
Ration (B) 2 13017.3 
A X B 2 10363.3 
Remainder 18 396.5 
Table 51* Analysis of variance of the Influence of defauna-
tion and time after feeding on viable bacteria 
concentrations in lambs receiving two levels of 
casein as nitrogen source in semi-purified rations 
Source of variation d.f. Mean square 
Total 59 
Defaunation (A) 1 1909.70 
Protein level (B) 1 23.44 
Time (C) 2 5.72 
A X B 1 58.21 
A X C 2 0.04 
B X C 2 0.88 
A X B X C 2 3.97 
Remainder 48 1.75 
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Table 52. Analysis of variance of the influence of defauna-
tion and time after feeding on viable bacteria 
concentrations in lambs receiving two levels of 
zein as nitrogen source in semi-purified rations 
Source of variation d.f. Mean square 
Total 59 
Defaunation (A) 1 20325.75 
Protein level (B) 1 530.03 
Time (C) 2 612.12 
A X B 1 1774.85 
A X C 2 1389.88 
B X C 2 118.69 
A X B X C 2 54.89 
Remainder 48 22.04 
Table 53. Analysis of variance of protozoa concentrations 
from lambs fed semi-purified rations with soybean 
meal and corn gluten meal as nitrogen sources, a 
corn and cob ration and an alfalfa hay ration 
Source of variation d.f. Mean square 
Total 47 
Beplications 2 7300.0 
Animals 7 1461.0 
Ration 2 4978.0 
Remainder 36 541.3 
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Table 54. Analysis of variance of the influence of protein 
level and time after feeding on protozoa concen­
trations in lambs receiving casein and zein as 
nitrogen source in a semi-purified rations 
Source of variation d.f. Mean square 
Total 47 
Protein level (A) 1 0.01 
Nitrogen source (B) 1 17.49 
Time (C) 2 2.81 
A X B 1 4.26 
A X C 2 1.63 
B X C 2 2.01 
A X B X C 2 1.48 
Remainder 36 2.97 
Table 55. Analysis of variance of the influence of defaunation on ruminai pH and 
volatile fatty acid production in lambs receiving casein as nitrogen 
source in a semi-purified ration 
Mean square 
Source of variation df ph C2 Cz^ . 
Total 47 
Defaunation (A) 1 0.04 38.26 3.40 0.01 I7.57 0.03 0.55 
Protein level (B) 1 1.02 433.03 42.01 O.87 11.73 3.73 7.41 
Time (C) 2 I.65 234.23 10.41 0.0 22.61 0.0 0.0 
A X B 1 0.06 226.15 5.39 0.07 3.13 0.46 0.06 
A X C 2 0.20 6.10 0.72 0.0 0.43 0.0 0.0 
B X C 2 0.19 94.33 1.04 0.0 6.15 0.0 0.0 
A X B X C 2 0.55 69.38 2.35 0.0 6.99 0.0 0.0 
Remainder 36 0.12 68.67 0.95 0.02 5.16 0.11 0.53 
Table ^ 6. Analysis of variance of the influence of defaunation on ruminai pH and 
volatile fatty acid production In lambs receiving zein as nitrogen 
source in a semi-purified ration 
Mean square 
Source of variation df ph C2 C3 IC4 C4 105 C5 
Total 
Defaunation (A) 1 0.03 402.23 10.55 0.13 2.30 0.18 3.03 
Protein level (B) 1 0.75 105.52 6.30 0.03 0.33 0.03 0.06 
Time (C) 2 0.45 36.07 6.82 0.0 4.62 0.0 0.0 
A X B 1 0.10 535.01 4.95 0.08 7.51 0.21 0.31 
A X C 2 0.10 9.14 4.78 0.0 2.31 0.0 0.0 
B X C 2 0.16 20.73 6.42 0.0 1.07 0.0 0.0 
A X B X C 2 0.72 22.45 6,54 0.0 6.86 0.0 0.0 
Remainder 36 0.03 15.11 5.36 0.01 3.23 0.56 0.34 
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Table 57. Analysis of variance of the influence of defauna-
tion on volatile fatty acid production in lambs 
receiving zein and casein as nitrogen source in 
semi-purified rations 
Mean square 
Casein Zein 
Source of variation df 
uM 
V.F.A. 
per ml C2/C3 
uM 
V.F.A. 
per ml C2/C3 
Total 11 
Defaunation (A) 1 55.39 0,003 134.07 0.11 
Protein source (B) 1 707.18 1.000 98.56 0.01 
A X B 1 125.06 0.156 190.00 0.07 
Remainder 8 87.83 0.029 20.52 0.16 
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Table 58. Analysis of variance of the influence of defauna 
tion and time after feeding on rumen fluid pH in 
lambs receiving two levels of casein as nitrogen 
source in semi-purified rations 
Source of variation d.f. Mean square 
Total 47 
Defaunation (A) 1 0.04 
Protein level (B) 1 1.02 
Time 2 1.65 
A X B 1 0.06 
A X C 2 0.20 
B X C 2 0.19 
A X B X C 2 0.55 
Remainder 36 0.12 
Table 59. Analysis of variance of the influence of defauna-
tion and time after feeding on rumen fluid pH in 
lambs receiving two levels of zein as nitrogen 
source in semi-purified rations 
Source of variation d.f. Mean square 
Total 47 
Defaunation (A) 1 0.03 
Protein level (B) 1 0.75 
Time (C) 2 0.45 
A X B 1 0.10 
A X C 2 0.10 
B X C 2 0.16 
A X B X C 2 0.72 
Remainder 36 0.03 
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Table 60. Analysis of variance of the influence of defauna-
tion on rumen ammonia concentrations in lambs 
receiving a semi-purified ration with soybean meal 
as the nitrogen source 
Source of variation d.f. Mean square 
Total 27 
Defaunation 1 0.21 
Remainder 26 25.85 
Table 6l. Analysis of variance of the influence of defauna-
tion on rumen ammonia concentrations in lambs 
receiving a semi-purified ration with corn gluten 
meal as the nitrogen source 
Source of variation d.f. Mean square 
Total 
Defaunation 
Remainder 
15 
1 
14 
43.89 
28.26 
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Table 62, Analysis of variance of the influence of defauna-
tion on rumen ammonia concentrations over time in 
lambs receiving a 11,2 percent protein corn and 
alfalfa ration 
Source of variation d.f. Mean square 
Total 31 
Defaunatlon (A) 1 194 .73 
Time (B) 1 50 .15 
A X B 1 25 .21 
Bemalnder 28 13 .14 
Table 63. Analysis of variance of the influence of defauna-
tion and time after feeding on rumen ammonia con­
centrations in lambs receiving casein as nitrogen 
source in a semi-purifled ration 
Source of variation d.f. Mean square 
Total 23 
Defaunatlon (A) 1 74 .97 
Time (B) 2 200 
.59 
A X B 2 37 .68 
Remainder 18 61 .04 
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Table 64. Analysis of variance of the influence of defauna-
tion and time after feeding on concentrations of 
alpha amino nitrogen and urea nitrogen in the blood 
of lambs receiving two levels of casein as nitrogen 
source in semi-purified rations 
Source of variation d.f. 
Mean square 
Alpha amino nitrogen Urea nitrogen 
Total 47 
Defaunation (A) 1 6.38 90.20 
Protein level (B) 1 0.07 576.85 
Time (C) 2 0.98 3.33 
A X B 1 8.23 25.52 
A X C 2 0.23 1.16 
B X C 2 0.08 3.23 
A X B X C 2 0.69 0.54 
Remainder 36 1.04 4.21 
Table 65. Analysis of variance of the influence of defauna 
tion and time after feeding on concentrations of 
alpha amino nitrogen and urea nitrogen in the 
blood of lambs receiving two levels of zein as 
nitrogen source in semi-purified rations 
Source of variation d.f. 
Mean square 
Alpha amino nitrogen Urea nitrogen 
Total 47 
Defaunation (A) 1 0.04 1.27 
Protein level (B) 1 0.65 42.94 
Time (C) 2 0.58 1.49 
A X B 1 12.53 6.45 
A X C 2 0.38 0.30 
B X C 2 0.92 0.63 
A X B X C 2 0.00 0.22 
Remainder 36 1.18 1.54 
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Table 66, Analysis of variance of the influence of defauna-
tion on concentrations of blood urea nitrogen in 
lambs receiving semi-purified rations with soybean 
oil meal and corn gluten meal as nitrogen source 
Source of variation d.f. Mean square 
Total 13 
Defaunation (A) 1 20,93 
Nitrogen source (B) 1 42.87 
A X B 1 1.54 
Remainder 10 34.56 
Table 67. Analysis of variance of the influence of defauna-
tion on concentration of blood urea nitrogen in 
lambs receiving a 11,2 percent protein corn and 
alfalfa ration 
Source of variation d.f. Mean square 
Total 12 
Defaunation 1 29.38 
Remainder 11 3.57 
